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When the pilot needs all the help his ‘‘kite’’ can give 
him, much may depend upon that extra margin of braking 
power afforded by 


FERODO | 


BRAKE LININGS | 


For Aircraft 


The outcome of long and extensive experience in the manufacture 
and practical application of friction materials, FERODO BRAKE 
LININGS FOR AIRCRAFT, FERODO CLUTCH DISCS and 
FEROBESTOS non-metallic BUSHES, etc., feature prominently in 
modern Aircraft specifications. 


The facilities afforded by the FERODO Physical Testing Laboratory, 
where FERODO linings are subjected to the most drastic tests, are 
freely at the disposal of Industry at all times. 
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ANNOUNCEMENT 


The carriage of large quantities 
of fuel for the purpose of long range 
is an uneconomic proposition and in- 
evitably results in heavy structure 
weight, the use of powerful engines 
and severely restricted payload. 


Methods by which fuel is trans-— 
ferred from tanker aircraft in flight 
have been developed and perfected 
over a period of fourteen years by 
Flight Refuelling Limited. In 1939 
the flying boats of Imperial Airways’ 
twice weekly Atlantic Service were 
refuelled while airbourne, and at the 
present time flight refuelling is an 
everyday practice. 


A litle thought is sufficient 
to show that the potentialities of 
refuelling in flight are enormous, 
and we invite Designers, Air Line 
| Operators, and others interested, to 
ask for all the information they may 
desire. We can show how short and 
medium range aircraft can be simply 
converted for long range operation 
with full payload. 


Flight Refuelling Ltd., Malvern, England 
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THE SOCIETYS PRIZES 


The Society offers a number of valuable prizes, most of 


them annually, Full particulars of the conditions attaching 


to the awards of these prizes may be obtained on application 


Society’s Gold Medal 

This is the highest honour which the 
Society can confer for work of an outstand- 
ing or fundamental nature in aeronautics. 


British Gold Medal for Aeronautics 

The British Gold Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Simms Gold Medal 

The Simms Gold Medal awarded 
annually for the best paper read in any year 
before the Society on any science allied to 
aeronautics, e.g., meteorology, wireless tele- 
graphy, instruments. 


is 


The George Taylor (of Australia) Gold 
Medal 
The Taylor Gold .Medal is awarded 
annually, at the discretion of the Council, for 
the most valuable paper submitted or read 
during the previous session. 


Wakefield Gold Medal 

The Wakefield Gold Medal is awarded 
annually to the designer of any invention 
or apparatus tending towards safety in flying, 
and is open to members or non-members. 


Society’s Silver Medal 

The Society’s Silver Medal is awarded, at 
the discretion of the Council, for some 
advance in aeronautical design. 


Vii 


British Silver Medal for Aeronautics 

The British Silver Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Society’s Bronze Medal 

The Society’s Bronze Medal is awarded, 
at the discretion of the Council, under the 
same conditions as those for the Silver Medal, 
but for some less important advance in aero- 
nautical design. 


Wilbur Wright Memorial Premium 

The Wilbur Wright Memorial Lecture is 
held annually, a premium of fifty pounds 
being awarded to the lecturer invited by the 
Council to deliver the lecture. The lecture 
is usually given alternately by an American 
and an Englishman, and is the most impor- 
tant aeronautical lecture of the year. It is 
delivered whenever possible, on the last 
Thursday in May of each year. 


British Empire Lecture 

The Council of the Royal Aeronautical 
Society have completed the arrangements for 
the founding of a British Empire Lecture. 

The lecture, on any aeronautical subject 
approved by the Council, will be delivered 
annually in September in London, by a 
lecturer, chosen in alternate years from the 
British Dominions and Colonies and Great 
Britain. 

The Council, by founding this British 
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THE 


Empire Lecture, are anxious to encourage 
new ideas and new points of view from all 
parts of the British Empire, and to make the 
Lecture second only in importance to the 
Wilbur Wright Memorial Lecture. 

The British Empire Lecture will have a 
premium of £50 attached to it, and in the 
case of lecturers coming from the Dominions 
and Colonies an allowance up to £100 will 
be paid towards the Lecturer’s expenses. 

It is proposed to hold the first lecture in 
September, 1945, and for 
lecturers should be received by May 3ist, 
1945, at the latest. 


suggestions 


R.38 Memorial Prize 

The R.38 Memorial Prize offered 
annually for the best paper received by the 
Society on some subject of a technical nature 
in the science of aeronautics, preference being 


is 


given to papers which relate to airships. The 
prize is twenty-five guineas. 


The Herbert Akroyd Stuart Lectures 

Under the will of the late Mr. Herbert 
Akroyd Stuart a sum of £700 is held in trust 
by the Society for the offer of a prize every 
two years, for the best paper or lecture read 
or given before the Society dealing with the 
Origin and Development of Heavy-oil Aero 
Engines. The prize is open to members and 
non-members. 


Edward Busk Memorial Prize 

The Busk Memorial Prize 
offered annually for the best paper received 
by the Society on some subject of a technical 
nature in connection with aeroplanes (includ- 
ing seaplanes). Its value is twenty guineas. 


Edward is 


Pilcher Memorial Prize 

The Pilcher Memorial Prize offered 
annually, at the discretion of the Council, 
for the best paper by a Student on heavier- 


is 
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PRIZES 


than-air craft or any analogous subject. Its 
value is five guineas. 


Usborne Prize 

The Usborne Prize is offered annually, at 
the discretion of the Council, for the best 
paper by a Student on some subject in con- 
nection with Aero Engines. Its value is five 
guineas, 


Major Baden-Powell Memorial Prize 

The Major Baden-Powell Memorial Prize 
is awarded in May and December of each 
year to the student who is considered the 
best student by the examiners in the Society's 


Association Fellowship examinations. _ Its 
value is three guineas. 
Elliott Memorial Prize 

The Elliott Memorial Prize is awarded 


twice yearly to the apprentice at Halton who 
has the highest percentage of marks in the 
passing-out examination. Its value is 2} 
guineas for each award. 


R. P. Alston Memorial Prize 

The R. P. Alston Prize 
awarded to any Graduate or Student of the 
Society for work done leading to improve- 
ment in the safety of aircraft, and particularly 
for improvement in stability and control. Its 
value is approximately £5. 


Memorial is 


Branch Prize 

The 
twenty 
before 
lecture 


Council offer an annual prize of 
guineas for the best paper read 
the Branches during the previous 
Session. The prize is open to any 
member of the Society or of any Branch. 


Journal Premium Awards 

The Council has set aside an annual sum 
of £250 to be given as premium awards to 
authors of papers published in the Journal. 
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1H E ROYAL AERONAUTICAL SOCIETY 


NOTICES 


JOURNAL PREMIUM AWARDS 


| 
| The Council have set aside an annual sum of £250 for the award of premiums for | 
papers published in the Journal and the Council hope that members will 
contribute papers on their own special subjects. 


Graduates’ and Students’ Section 


Monday, 23rd April—Mr. D. L. Brown on 
‘““Some Aspects of Aircraft Design.’’ 
Illustrated by slides and a short film. 


Friday, 4th May—Informal Impromptu 
Discussion. A subject will be announced 
at the actual meeting. The intention is 
to enable members to get together for 
private discussion among themselves. 


Both meetings to be held at 7.30 p.m. in 
the Library at 4 Hamilton Place, W.1. 


Wilbur Wright Memorial Lecture 


The 33rd Wilbur Wright Memorial Lecture 
will be read at 6.30 p.m. on Thursday, 
May 3ist, 1945, by Mr. T. P. Wright, 
Hon.F.R.Ae.S., on ‘‘ Aviation’s Place in 
Civilisation.’’ The lecture will be held at 
the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s, S.W.1 (by per- 
mission of the Council of the Institution). 
Light refreshments will be served before the 
meeting. Visitors will be admitted by ticket, 
obtainable through Members only. 


Honours 


The President and Council extend their 
congratulations to Mr. W. S. Farren, Fellow, 
and Mr. B. N. Wallis, Fellow, upon their 
lection to the Fellowship of the Royal 
Society. 


Members of Council 


The following is a list of the new Council. 
Those marked * were elected at the Annual 
General Meeting held on March 29th, 1945. 


President 
Sir A. H. Roy Fedden, M.B.E., D.Sc., 
F.R.Ae.S., M.I.Mech.E., M.1.A.E., 
M.S.A.E. 
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Mr. A. Gouge, B.Sc., F.R.Ae.S.. 
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Vice-Presidents 
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A.M. Inst.C.E. 


Council 
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M.I.Aut.E., M.S.A.E. 

*Mr. W. S. Farren, C.B., M.B.E., M.A., 
F.R.S., M.Inst.Mech.E., F.R.Ae.S. 

Major F. B. Halford, M.S.A.E., F.R.Ae-.S. 


‘*Mr. P. G. Masefield, M.A.(Eng.), F.R.Ae.S. 
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Mr. N. S. Muir, B.Sc., A.F.R.Ae.S. 
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Mr. R. K. Pierson, C.B.E., B.Sc., 
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Major B. W. Shilson, O.B.E., M.I.Mech.E., 


F.R.Ae.S. 

*Sir Oliver Simmonds, M.A., F.R.Ae.S., 
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*Captain C. F. Uwins, A.F.C., O.B.E., 
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Mr. C. C. Walker, F.R.Ae.S., 
A.M/Inst.C.E. 


*Mr. B. N. Wallis, C.B.E., F.R.S., B.Sc., 
R.D.I., F.R.Ae.S., M.Inst.C.E. | 


Honorary Treasurer 
Captain A. G. Lamplugh, F.R.Ae.S. 


Solicitor 


Mr. Lawrence A. Wingfield, M.C., D.F.C., 
A.R.Ae.S. 


Honorary Librarian 
Mr. J. E. Hodgson, Hon.F.R.Ae.S. 


Honorary Accountant 
Mr. A. N. D. Smith, F.C.A, 


Secretary 


Captain J. Laurence Pritchard, 
Hon.F.R.Ae.S., Hon.M.I.Ae.S. 


Branch Lectures 


BELFAST BRANCH 
Lectures are held in the Central Hall, 
College of Technology, at 6.30 p.m. 


Monday, 16th April—Test Flying, by Mr. 
J. Lankester Parker, F.R.Ae.S. 


BIRMINGHAM BRANCH 


Wednesday, 2nd May—Hydraulic Equip- 
ment for Aircraft, by Mr. R. H. Bound, 
F.R.Ae.S. 


NOTICES 


DERBY BRANCH 
The following lecture will be held in the 
Rolls-Royce Welfare Hall, Nightingale Road, 
on Monday, May 7th, 1945 :— 
‘“ Shock Waves at Sonic Speeds,’’ by Dr. 
W. F. Hilton, B.Sc., A.R.S.C. 


GLASGOW BRANCH 


Saturday, 21st April—Visit to Prestwick 
Aerodrome, followed by a lecture by 
Mr. R. McIntyre, A.F.R.Ae.S. 


LuTon BRANCH 


Wednesday, 2nd May—The Development 
of Civil Aircraft, by Mr. N. A. White. 

Wednesday, 23rd May—Hydraulics for 
Aircraft, by Mr. R. H._ Bound, 
F.R.Ae.S. 


Wednesday, 6th June—Design and Oper- 


ation of Deck Landing Aircraft, by Mr. 
G. E. Petty, F.R.Ae.S. 


Fellows 
The following were passed by the Counci! 
for Fellowship and their elections announced 
at the Annual General Meeting on March 29th, 
1945, in accordance with Rule 4:— 
Charles Francis Abell, Arthur Edward 
Bingham, Robert Boorman, Duncan Cam- 


eron, Sir John Adrian Chamier, Herbert | 


Eugene Chaplin, Richard M. Clarkson, 
Arnold Cadman Clinton, Eric William 
Densham, Raymond Noel Dorey, Bernard 
Arthur Duncan, Alan Ferrier, Frederick 
Arthur Foord, Sir Wilfrid Rhodes Freeman, 
Henry Herbert Gardner, Charles Henry 
Griffiths, Stewart Scott-Hall, Arthur Stanley 
Hartshorn, Edward Dixie Keen, John Henry 
Larrard, Philip Gadesden Lucas, Sir Francis 
K. McClean, Peter Gordon Masefie!d, Albert 
Basil Miller, Morien Bedford Morgan, Sydney 
Joseph Nightingale, Robert Bernard Corne- 
lis Noorduyn, Arthur Edgar Woodward 
Nutt, Edward Llewellyn Pick!es, Douglas 
Rudolf Pobjoy, Frederick Henry Pollicutt. 
John Walker Ratcliffe, John Kerr Reid, 
Harold Rogerzon, Fred Rowarth, Norman 
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Rowbotham, Raymond Harold Sandifer, 
Arthur Francis Scroggs, John Edward Serby, 
Beverley Strahan Shenstone, Joseph Smith, 
Sir Ralph Sorley, Kelvin Tallent Spencer, 
Herbert Brian Squire, Reginald Spencer 
Stafford, Andrew Swan, Henry Beaumont 
Taylor. 


Election of Members 
The following members were recently 
elected : — 


Associate Fellows 

Piotr Bielkowicx, Italo Paul Fatti, Jack 
Francis (from Graduate), Angus Rayfield 
Pitt (from Graduate), Jozef Wallis, Ronald 
Albert John White, Ethelbert Victor Wraight 
(from Associate). 


Associates 

Leonard Victor Andrews, Manley John 
Atkinson, Frederick Baynes, John Beale 
(from Graduate), James Arthur Brayshaw, 
Fred Dyson, William Henry Elliott, Gwilym 
Rhys Evans, John ffitch, Lionel Adrian Basil 
Hack, Cecil Venn Haines, Charles Ross 
Haller, John Lawrence Hasler, Albert 
Holmes Hawes, Ralph Edward Havercroft, 
Frank Kasz (from Companion), Wilfrid 
Arnold Parr, George Robert Peel, Douglas 
Murray Sammon, William Lionel Shippey, 
Anthony John Sibley, Stanley George Smith, 
Leslie Twyford, Clifford Uphill, Samuel 
Winspur, Alister Leslie McCulloch. 


Graduates 

Reuven Benzwi, Anthony Michael Creedon 
(from Student), Albert George Mark Elliott 
(from Student), Francis William Free (from 
Student), Charles Roger Heaton (from Stu- 
dent), Ernest John Hancock, John Henry, 
Brian. Joseph Howison (from Student), 
Joseph Kenneth Lance, Harry Lomas, Elton 
John Perks, Donald Pierce, Alfred Charles 
William Rattle (from Student), Ernest 
Frederick Winter. 


Students 

Henry Gordon Anthony, Denis George 
Benson, Norman Oliver Brand, Ronald Hugh 
Chowns, Charles Norman Corn, Peter Robert 


Davey, Jean Mary Davidson, Anthony Ron- 
ald Edwards, David Dunlop Ewart, William 
Ewing, John Edward Alex Gauld, Sydney 
Goddard, Roy Thompson Holland, Tudor 
Llewellyn Jones, John Alfred Laker, Thomas 
Douglas Lewis, Gerald David Macdonald, 
Alex Measures, Joseph Merrick, Leonard 
Gerald Middleton, Oliver Reginald Barton 
Moorman, Fred Watson Newman, Frederick 
Arthur Alfred Palmer, Graham Stanley Pool, 
Philip Hugh Robertson, Reginald Norgate 
Robilliard, Arthur Edward Rowland, Bryan 
Leonard Chesterton Smith, Peter Latham 
Sutcliffe, John Sutton Tatchell, Richard 
Tourret, John Ashworth Tupman, Edward 
Wilson Whitley, Ronald Wileman Wilson, 
Derek John Wood. 


Companion 
Laurence William Stevens Wilson. 


Associate Fellowship Examinations 

The Associate Fellowship Examinations 
will be held on Tuesday, May 15th, and 
Wednesday, May 16th, 1945. Full particu- 
lars will be sent direct to candidates. 


Additions to Library 

Pamphlets in italics with location reference 
following in brackets. Books marked * may 
not be taken out on loan. 


A.a.311.—Le Frottement superficiel en 
Aérodynamique. F. Haus. (Article in 
““ La Science Aérienne,’’ Jan., 1940.) 
Gauthier-Villars, Paris, 1940. 

B.e.42.—The Model Aeronautical Digest. 
(Ed. by) R. Copland and R. H. War- 
ring. Model Publications Ltd., Mitcham, 
1945. 5/-. 

BB.b.113.—The Engineering Selection of 
an Airline Aeroplane. John T. Dyment. 
Engineering Institute of Canada. (Pre- 
print, 59th Annual Meeting, 7/2/45.) 
(Y.6.1.42.) 

BB.f.54.—Essentials of Meteorology. (T.D. 
Bulletin No, 2.) C. H. Klawe. Progress 
and Engineering Corp., Toronto, 1944. 
(Y.14.a.24.) (Note: Misleading title— 
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the article deals exclusively with meteor- 
ological instruments.) 
D.a.B.86 & 87.—British Air Transport. 


(Cmd. 6605.) Minister for Civil Avia- 
tion. H.M.S.O., 1945. 2d. (PD.2.a.16 
& 17.) (2 copies.) 


D.d.26.—Engineering Research. (A Guide 
to the Junior Engineer.) R. A. Colla- 
cott. Crosby Lockwood, 1945. 1/6. 
(PE.2.b.19.) 

D.d.27.—Post-War Organisation of Statis- 
tics in Government Departments. Insti- 
tution of Professional Civil Servants, 
1945. (PE.2.b.20.) 

E.b.103.—A Study in Vibration. R. G. 
Manley. (Reprint from ‘‘ Aircraft Engin- 


eering,”’ Feb./May, 1944.) Silentbloc 
Ltd., 1945. (Y.8.a.24.) 

E.d.25.—Limits and Fits. (T.D. Bulletin 
No. 3.) C. H. Klawe. Progress and 
Engineering Corp., Toronto, 1944. 
(Y.8.a.23.) 


E.f.107.—Aircraft Servicing Manual. C. 
F. Preston and G. W. Williamson. 
Paul Elek Ltd., 1945. 10/6. 

G.a.71.—Recent Developments in the Field 
of Materials and Processes. Paul E. 
Lamoureux. Engineering Institute of 
Canada. (Preprint, 59th Annual Meet- 
ing, 7/2/45.) (¥.13.a.18.) 
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*G.b.4.—British 
Specifications. 
S.100. Testing Procedure Appl:cable to 
Aircraft Steels. 1945. 1/-. 

M.c.67.—Future Aspects of Radio and 
Communication in Air Transportation, 
S. S. Stevens. Engineering Institute of 
Canada. (Preprint, 59th Annual Meet. 
ing, 7/2/45.) (Y.18.a.34.) 

N.a.84.—The Royal Society (1660-1940). 
Sir Henry Lyons. Cambridge Univer. 
sity Press, 1945. 25/-. 

*P.c.40.—Patent Abstracts (Class 4, Aero- | 
nautics), 1889-1912. Patent Office, 1913. — 

*P.c.41-42.—Patent Abstracts (Class 4, 
Aeronautics), 1905-1915. (2. Vols.) | 
Patent Office, 1918. 

UF.9.—Bulletin du Service Technique de 
l’ Aéronautique (Brussels). 


Standards Institution, 


No. 19. Sur quelques problémes de la 
théorie tourbillonnaire de |’hélice propul- 
sive et de l’aile d’avion. N. Florine. 
1944. 


*X.b.152.—Aeroplane Production Year 


Book and Manual (II). Ed. by M. M. 
Williamson and G. W. Williamson. 
Paul Elek Ltd., 1945. 40/-. 


J. LAuRENCE PRITCHARD, 
Secretary. 
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DEVELOPMENT 


Air-Commodore F. R. Banks, O.B.E., 
F.R.Ae.S. 


Air-Commodore F. R. Banks is Director 
of Engine Development at the Ministry 


Aircraft Production, responsible for 


the development of all piston engines 


and gas turbines, propellers and engine accessories. 


In 1930 he joined the 


Ethyl Export Corporation and was directly responsible for the technical de- 
velopment of leaded fuels used in air and land speed records over many years. 


A MEETING of the Society was held in 
the Lecture Hall of the Institution of. 
Mechanical Engineers, Storey’s Gate, St. 
James’s Park, Westminster, London, S.W.1, 
on Tuesday, February 20th, 1945, at which 
a paper by Air-Commodore F. R. Banks, 
O.B.E., F.R.Ae.S., on ‘‘ The Importance of 
Power Unit Development,’’ was read and 
discussed. In the chair, the President, Sir 
A. H. Roy Fedden. 


The CuairnmAn: Air-Commodore Banks had 
played an active and important part in engine 
development during the period between the 
two world wars. He had filled various 
positions successfully during the present war 
at-the Air Ministry and the Ministry of 
Aircraft Production, holding at the moment 
the key position of Director of Engine 
Development at M.A.P. 

At the beginning of the last war he was 
serving an engineering apprenticeship; but 
by juggling with his age he had secured a 
job in the Royal Naval Reserve on anti- 
submarine patrol at the tender age of 16 
years. Later he was in command of a high- 
speed surface craft, and at the end of the 


Paper received January 12th, 1945. 


war had undertaken an unique job of trans- 
porting by rail over the Caucasus Mountains 
six of those boats for the Russian campaign. 

Following demobilisation at the end of 
1919 he started his peace-time work with 
some useful Diesel engine development on 
the north-east coast. But. all the time his 
heart was in aero engines; eventually, about 
1924, he started his aero engine career, and 
he had never looked back. His first job was 
in connection with the testing of a large 
airship engine which the British Air Ministry 
was developing. Later he joined the Anglo- 
American Oil Company, eventually becoming 
the technical head of the Ethyl Export 
Corporation. For a number of years he 
specialised on aero engine fuels and special 
fuels for competition work; particularly for 
the Schneider Trophy aircraft, and in con- 
nection with a number of motor car speed 
trials in America. 

Air-Commodore Banks went to America 
often and maintained close touch with the 
aviation and _ fuel technologists there. 
Indeed, he had a wide background in 
America, on the Continent of Europe and in 
this country in connection with the develop- 
ment of special fuels and special engines. 
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‘ The time has come,’ the Walrus said, 
‘ To talk of many things : 
Of shoes—and ships—and sealing-wax— 
Of cabbages—and kings— 
And why the sea is boiling hot— 
And whether pigs have wings.’ ’’ 


I HAVE quoted from Lewis Carroll’s 
famous work because it fits my paper. 
Unfortunately, however, I cannot speak in 
detail, or even mention, some of the many 
things happening in the engine world at this 
moment. But I am going to attempt to give 
you my picture of the future of the aviation 
power unit. 


My title stresses the importance of de- 
velopment and indeed, this cannot be over- 
stressed. It may be thought that I have 


wandered somewhat from my title early in © 


the paper. This is not so, since all that J 
mention cannot be effected without the most 
intensive development. 

I have been engaged on engine develop- 
ment for some years and have definite views 
on the subject. 

We have seen gréat things in the develop- 
ment of the piston-type aero engine during 
the last twenty-five years or so; and nowhere 
have these developments been greater than 
in this country. 

We have witnessed the evolution of the 
sleeve valve, which became a practical pro- 
position in this period; despite the fact that 
its inventors—Burt and McCullum—thought 
of it long before the last war. There have 
been many other developments, such as the 
sodium cooled valve, lead bronze and silver 
lead bearings, variable pitch and constant 
speed propellers, the supercharger and, last, 
but not least, the development of fuels of 
high anti-knock value and better lubricants. 

All these and other things, coupled with 
improved designing technique and long ex- 
perience, helped also by the urgency of war, 
have combined to give us engines of very 
high power output for relatively low weight 
and moderate cylinder capacity. 

But the materials people have probably 
contributed as much as anyone else to the 
excellence of our present engines. 
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One engine has doubled its maximum 
power in the last eight years or so—from 3} 
B.H.P. per litre or 3.1 B.H.P. per sq. in. of 
piston area to 63 B.H.P. per litre or 62 
B.H.P. per sq. in. of piston area. And its 
supercharged height has been more than 
doubled. While it is now operating at this 
specific power in service, it has already been 
further developed to give very appreciably 
more power. 

All this has been most encouraging and 
reflects great credit on the aero engine in- 
dustry. But now we are about to see a 
change; a change in the type of power unit 


and one which will influence aviation much | 
as the advent of the steam turbine revolu- © 
tionized ship propulsion and the size of | 


power stations. 

I refer, of course, to the gas turbine, 
which has come to stay and will eventually 
usurp the well-earned place of the piston en- 
gine. The influence of the gas turbine is 
already felt and in a few years it will be 
commonplace. It will, I believe, be used 
for forms of transport other than aircraft and 
particularly for marine purposes. 

Whittle can rightly be regarded as the 
““ Charles Parsons ’’ of. the aviation power 
unit. And it is rarely in a lifetime that an 
entirely new and really practicable prime 
mover is evolved. 

I would like these words borne in mind 
throughout the reading of the paper; be- 
cause, although I feel that the piston engine 
has some years still to go in aviation, its 
principal claim for remaining will be, its 
cruising fuel consumption, particularly at 
altitudes below, say, 20,000 feet. 

Speed, or a high rate of development, is 
essential in the aero engine field. Develop- 
ment should be systematically done, even 
although there are times when commonsense 
appears to fail and one has to resort to some 
extreme in order to get a line on the next 
step to take and to reorientate one’s ideas. 

Speed, in development, is important for 
another reason, that is, the time taken to 
get an engine into production from (and 
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including) the drawing board stage. Experi- 
ence has shown that this is somewhere 
between four and five years. And during 
this time prototype engines have to be built 
and flown, because it is only by flying that 
one can get down to all the troubles. There 
are indications now, however, that the period 
might be cut somewhat where engines of 
similar cylinder arrangement are concerned 
and as the result of long experience. One 
engine comes to my mind which has been 
developed and got into production in little 
over three years. 

Due to this time factor there are, usually, 
improved versions of the engine coming 
along in the experimental shop before the 
original is in full production. And a good 
basic type engine will have many ‘‘Marks”’ 
before it becomes obsolete. 

This is where Design comes into the pic- 
ture—original Design. A successful engine 
is one so designed that it has plenty of de- 
velopment inherent in it and its performance 
can be improved in attractive steps over an 
appreciable period—say, seven or eight years 
—without radical re-design. 

It is a costly process, in time and. money, 
to design an engine which is so restricted that 
a major re-hash is necessary before a real 
improvement in performance can_ be 
obtained. 

The ‘aircraft manufacturer must be con- 
sidered, too. It is much to his and every- 
body’s advantage if he can have an engine 
which promises forward development with 
minimum external change in shape and size. 
This is particularly important in war, where 
it is absolutely necessary to get the best from 
a given aircraft and meet new or changing 
operational demands without having to re- 
sort to a completely new aircraft type with 
its resultant cost in development and 
production time. 

I could wish, however, that more appre- 
ciation were shown of the efforts which the 
engine manufacturer has made to improve 
the performance of his engine; often to be 
wasted by inattention to detail design of the 


airframe which, in the form of “‘ drag,’’ ab- 
sorbs a large proportion of the increase in 
engine power. ‘‘ Dragging ’’ some aircraft 
through the air is (almost) literally true. 

Some are, at last, becoming more con- 
scious of the need for minute attention to 
detail in this respect, particularly with 
speeds approaching 500 m.p.h.; and already | 
above this figure in some cases. 

As a matter of fact, it is now, practically, 
thrust upon the aircraft designer and manu- 
facturer to produce a clean airframe for these 
speeds because, if they do not do so, small 
inaccuracies and bad detail work may make 
the machine unsafe to fly. 

It is most important to strike the correct 
balance between design and development. 
In the past many engines have been “ built 


‘first and designed afterwards.’’ By this I 


mean that a good deal was left to the de- 
velopment department to settle by their 
testing. 

Whilst this method has produced results— 
often very good results—I do not think it 
the best way of doing things. Sound en- 
gineering design is essential and if it is not 
present the development department has to 
“cut and try ’’ to excess, and this means 
unnecessary work and delay. The produc- 
tion people also come into the picture, to 
give guidance to the design staff and so avoid 
machining processes which are unnecessarily 
complicated and costly. 

AS WITH PRODUCTION, “TIMING” 
IS ESSENTIAL IN ALL DEVELOP- 
MENT WORK. A STRICT TIME- 
TABLE SHOULD BE ADHERED TO 
FOR THE DEVELOPMENT  PRO- 
GRAMME AND THE VARIOUS PRO- 
JECTS AND ITEMS PROGRESSED IN 
THE NORMAL WAY AND BY WEEKLY 
MEETINGS, ATTENDED BY ALL 
CONCERNED. 

The foregoing will seem rather obvious to 
some of you, but I have had personal ex- 
perience where firms have taken a long time 
to build their prototype engines because they 
would not issue anything but the most com- 
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plete drawings to the experimental shops and 
ones which were, virtually, expected to be 
the final production standard for the engine. 
There is still a lot to learn about engines, 
particularly in the case of the modern engine 
of high specific power output; and it is not 
possible to evolve a design which will not 
be altered. in many respects, if only in 
details, before the engine is ready for 
production. 

The firm having the best development 
department will win every time, even if its 
competitors have good designing technique. 
But, obviously, the ideal is to have good 
design technique coupled with efficient 
development. And efficient development, 
in any case, will make for superior designing 
technique because it gives the designer the 
information he requires. 

Many engines of promising design have 
failed to see the light of day because their 
development has been poor. And the de- 
signer had insufficient data to design out of 
his troubles. 

To sum up, a successful aero engine is a 
““ combined operations ’’ job, necessitating 
complete co-ordination between the Design, 
Development and Production staffs. 


The Shape of Engines to Come 


I would like now to give my personal 
views on forward engine types. 

I am doubtful whether we shall see the 
reciprocating engine in unit sizes above 
6,000 b.h.p., or even as big. Whilst it is 
possible to build engines of this, or higher, 
power, it does not seem to me to be worth 
while, particularly in view of the problems 
associated with their installation and their 
propellers. Further, after talks with various 
aircraft people, it appears that they would 
prefer not less than four engines and might 
consider even more for very large machines. 

There have been many arguments—and 
there still are for that matter—on the shape 
of an engine and whether it should be air- 
or liquid-cooled; poppet or sleeve valve; 
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radial or in-line, etc., etc. But I think we 
can see more clearly on these matters to-day 
and can, therefore, be more definite in our 
choice. 

Here are some points for consideration 
before deciding upon the final shape : 


(a) There is little difference between the 
installed weights of air- and _liquid- 
cooled engines, power for power. In 
some cases the air-cooled installation js 
even slightly up in weight compared 
with the liquid-cooled job. 


(b) Both poppet and sleeve valves work 
satisfactorily. The poppet is susceptible 
to “‘lead’’ attack. But, I submit, it 
makes for a somewhat lighter engine 
and the piston temperatures are lower 
than those of a sleeve valve engine. The 
sleeve valve allows neater ‘arrangement 
and better geometrical layout. It is not 
materially affected by lead. But it does 
not give superior volumetric efficiency 
compared with the poppet valve. 


A number of claims have been made for 
the sleeve valve engine which have not, to 
date, been substantiated. For instance, it is 
said that its maintenance is less. But the 
modern poppet valve engine does not need 
more attention than the sleeve type, over 
equal operating periods and before servicing 
is necessary. It is usually the piston or ring 
gumming condition which sets a limit to the 
hours run between overhaul. And _ the 
sleeve valve is not yet superior in this re- 
spect. But the relative immunity of the 
sleeve from ‘‘ lead ’’ attack makes it attrac- 
tive. In my opinion, all future high ‘duty 
sleeve valve engines should start with direct 
piston cooling because of their higher piston 
temperatures. 


In regard to the question of air- of 
liquid-cooling; this, I think, is now more 4 
matter of personal preference rather than 
technical consideration—with the proviso 
that the air-cooled engine will not, in my 
opinion, attain the high specific power out- 
put of the liquid-cooied job. The latter has, 
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what might be termed, a better “‘ heat 
capacity factor.”’ 

Again, in the case of the liquid-cooled 
engine, it can be made in a more compact 
form and the cylinder block contributes, or 
should contribute, to the total stiffness of the 
engine. The in-line air-cooled engine is 
longer and less compact because of the cool- 
ing fins, which control the pitching of the 
cylinders and because of the baffles, which 
take up more space and do not lend them- 
selves to such neat arrangement as the 
jackets of a liquid-cooled engine. The 
crankcase must also be somewhat heavier to 
ensure the necessary stiffness; to which the 
cylinders, because of their separate mount- 
ing, cannot contribute. 

Coming now to the actual shape of the 
engine: I favour the in-line engine, whether 
it is to be air-cooled or liquid-cooled. 

Since ‘‘ power per sq. inch of piston area ”’ 
is the criterion of engine performance— 
assuming similar piston speed—it is particu- 
larly necessary, in the big powers, to cram 
in as large a piston area as possible. And 
this can only be done by arranging the 
cylinders in ‘ H’ form (usually on its side), 
with two crankshafts; or in radial form, 
either as an ‘X’ or as a multi-cylinder 
tradial—viewed from the front. I think the 
aim should be to keep as few cylinders as 
possible per crankpin, but, since the six 
cylinder crank appears to be the optimum as 
regards length and stiffness, there is little 
alternative to the arrangement quoted, par- 
ticularly if a reasonable cylinder size—up to 
6in. diameter—is kept. 

The staggered two-row radial of high 
power has been a very successful type, but 
its further development presents a consider- 
able problem in dealing with balancing and 
vibration, and it is difficult to make a really 
smooth engine. It also promotes high pro- 
peller blade stresses. And its cooling is not 
easy, even although we are now learning 
how to do this better. 

All in all, if one decided upon an air- 
cooled engine, I think the 24 cylinder 90° 
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‘X’ type with four banks of six cylinders 
in-line, is the best arrangement. And it 
allows plenty of space between the cylinders 
for the cooling air and for the proper 
arrangement of the induction and exhaust 
systems. The induction and exhaust systems 
of the modern engine play such a large part 
in its over-all efficiency of operation that it 
is (almost) true to say that the best way of 
designing an engine is first to design the in- 
duction and exhaust systems and fit the 
cylinders in where you can! 


The arrangement—assuming cylinder 
bores of 53in. or 6in.—may be criticised be- 
cause, keeping to 24 cylinders, a limitation in 
the total power output of the engine will be 
imposed. But, here again, one wonders 
whether it is worth going above 3,000 b.h.p. 
for the air-cooled engine, because it may 
become much heavier than its liquid-cooled 
counterpart, for the reasons I have men- 
tioned previously. One can, of course, go 
to the 28 cylinder arrangement with four 
banks of seven cylinders radial; but this 
means an increase in the number of cylinders 
per crankpin and may impose further limita- 
tions because of the greater masses involved. 
Also, the reduction of space between the 
cylinder banks tends to cramp the induction 
and exhaust systems and, also, the air 
passages. 


We might be able to go to bigger cylinders 
—above 6in. bore—and there are indications 
that the sleeve valve may not be so limited 
as the poppet in regard to increasing cylinder 
size, in which case an engine with large 
cylinders, limited to 24 in number, is 
feasible. 


In the case of liquid-cooled engines, one 
would suggest that up to about 2,500 b.h.p. 
and, possibly, 3,000 b.h.p., the classic 12- 
cylinder 60° ‘V’ cylinder arrangement is 
the best from all points of view. But, from 
3,000 b.h.p. and upwards, some other 


cylinder arrangement is necessary. 


I do not think it necessary to go beyond 
24-cylinders for liquid-cooled engines up to 
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6,000 b.h.p. and the decision rests between 
the ‘X’ and ‘H ’ arrangements. 

The 90° ‘X’ for the liquid-cooled engine 
makes for a rather unnecessarily big cowling 
circle, whereas the horizontal ‘H’ engine 
can be more neatly installed. And the latter 
has the advantage of only two cylinders per 
crankpin, although one is committed to two 
crankshafts. 

I have been thinking of a narrow ‘ X’ 
arrangement, horizontally disposed, thus 
><; the angle between adjacent cylinder 
banks being 60° or less. Whether or not 
the (heavier) single crankshaft, together 
with four cylinders per crankpin, would be 
any lighter overall than the two crank ‘ H ’ 
arrangement, is a matter for analysis. 

In all the cases cited here I assume a 
piston speed of 3,250 ft. per minute. 


Radiators and Oil Coolers 


Whilst the problem of cooling the air- 
cooled engine is difficult, that of finding 
adequate radiator space for the liquid-cooled 
engine is also becoming more difficult with 
increasing power. 

But whereas the air-cooled engine has to 
have all its cooling adjuncts attached directly 
to it and strictly in relation to its cylinders, 
the liquid-cooled engine allows more latitude 
in regard to radiator position, which can be 
at any one of several points in the airframe. 

Radiator and oil cooler technique, from 
the point of view of design, manufacture and 
inspection, has been very crude. And the 
radiator matrix was expected to stand stresses 
(of installation and vibration), which were 
not part of its functions and under which it 
failed badly. 

Improvements in these respects are now in 
hand, but I would like to see some uncon- 
ventional and bright ideas from the engine 
people, on coolers generally. It might be a 
good thing to give the job of designing a 
new cooling system to someone who has 
never seen a radiator or oil cooler before, 
but who has very sound thermodynamic and 
mechanical engineering experience. 
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Transport Engines 

There seems to be a feeling in some 
quarters that engines for transport aircraft 
should be designed particularly for the 
purpose and be of conservative power rating, 

I do not hold with these views and, in 
fact, feel most strongly that, if such were 
the case, we should get heavy engines and 
power plants, the further development of 
which would be very limited. 

There is no better way of obtaining a light 
high duty engine of reliable performance 
than by designing and developing it along 
military lines. 

Military engine types can be adapted and 
modified for transport operation, and these 
are the lines upon which we, in this country, 
are proceeding. 

If the engine is so developed to give high 


take-off power it will probably be able to | 


cruise continuously at 35 per cent. to 40 per 
cent. of this power. If, however, an engine 
were designed along the lines suggested by 


some, we would get mediocre performance | 


and inferior maximum or take-off power, 
which would mean the engine having to 
cruise at a higher percentage of its take-off 
power—say, 50 per cent. instead of 40 per 
cent. 

We are aiming to obtain, eventually, 1,000 
hours between overhaul and _ servicing 
periods. 
more to achieve, but it will be done. 

Whilst a running period of 1,000 hours 
will be most satisfactory, we hope to get 
600-700 hours operation very shortly. 


We should not, however, go blindly on 


and expect to get trouble-free operation be- 
yond this maximum period (of 1,000 hours) 
for some time to come. The engine must 
work efficiently throughout its running time, 
and there is a risk that if a longer period 
is attempted it will restrict the development 
of the engine in other directions. After all, 


the difference between, say, 700 hours and 
1,000 hours may only mean one more servic- 
ing period in a year’s flying or about four 
But what we require 


overhauls to three. 


This may take another year or | 
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complete reliability during the running 
period. This also applies equally to the pro- 
prietary accessories fitted to the engine, in- 
cluding the sparking plugs, the propeller, 
and its ancillary equipment. None of these 
items should require any attention over the 
engine operating period. 

We must also make absolutely clean 
engines and propellers; completely free from 
oil leaks, etc. 

I did ask some time ago that engines 
should be painted white in order to show 
up oil leaks, but it was found that to obtain 
a pure white surface meant about three coats 
of paint or enamel and this in itself stopped 
up important leaks. We are now trying out 
a medium shade of grey paint and some of 
the airline companies have asked for no 
finish on the outside of the engine at all, 
except that the main part of the engine, such 
as the cylinder block (in the case of a liquid- 
cooled engine) and crankcase, be ‘‘ scratch- 
brushed.”’ 

I think a good deal of attention will have 
to be paid to the exhaust system in order 
to obtain durability and safety. 

I am hoping that the final development of 
the piston type transport engine will be able 
to give us a specific fuel consumption of 0.40 
lb. per b.h.p. hour and even’0.38 |b. per 
b.h.p. hour, in about five years’ time. 


Fuel and Fuel Economy 


At the present moment 100-130 grade fuel 
is in general use for military purposes by 
the Allied Air Forces throughout the world. 
Fuels of higher rating, or grade, are under 
consideration and, although we would like 
to see a fuel conforming to, say, 130-160 
grade, I doubt whether such a fuel could 
be available for a long time to come because 
of production restrictions. 

” Before going further, it might be as well 
to explain what this fuel grading method 
Means in assessing anti-knock value. 

The C.F.R. Motor Method test was 

evolved some years ago and evaluates fuel 


quality in terms of octane number. This is 
a laboratory test which measures the anti- 
knock value of any particular fuel in terms 


of the percentage of pure iso-octane in a 


blend of iso-octane and normal heptane. 
The test is made under conditions of maxi- 
mum knock mixture strength—weak mixture 
conditions. But although the octane num- 
ber scale under these test conditions ‘s 
reasonably satisfactory up to 100 octane 
number, it does not give any idea of anti- 
knock value beyond 100 octane. 


The octane scale has been in constant use 
for some years, but it became evident, in 
testing and developing aviation fuel, that 
fuels having different compositions but the 
same octane number, behaved differently in 
the engine throughout the mixture range. 
For instance, two fuels, one containing a 
large proportion of aromatics and the other 
a very small proportion, might have the 
same C.F.R. Motor Method rating, but 
would, under take-off conditions in a full- 
scale engine, give completely different 
answers in terms of power output before 
detonation set in. 


As a result of this, it was realised that 
fuels should not only be assessed in terms 
of their weak mixture quality, but also given 
a certain take-off performance rating under 
rich mixture conditions. 


From about 1936 onwards we, in this 
country, used full-scale single cylinder aero 
engine units to determine the take-off per- 
formance of our fuels. And, in the early 
days of the war we called for a certain mini- 
mum quality in this respect, although at that 
time the specification as such merely asked 
for a 100 octane number ‘‘ Motor Method ”’ 
fuel. 


When America entered the war they also 
felt the need for improved combat and take- 
off ratings for their engines and the joint 
need for satisfying this (take-off) quality of 
the fuel was firmly established and a 
laboratory test method developed to corre- 
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late the results obtained on both full scale 
multi- and single-cylinder engines. 

This became known as the C.F.R./ 
A.F.D.3C test and called for the 
rating of fuels under rich mixture conditions 


method 


in terms of a reference fuel scale. 


iso-octane the 


primary reference fuel for determining anti- 


Since was regarded as 
knock properties, the use of iso-octane, plus 
tetra ethyl lead, was agreed as the reference 
fuel scale. The rich mixture quality of a 
fuel was determined by matching a blend of 
iso-octane plus T.E.L. against it under the 
The rich mix- 
ture quality of the then current 100 octane 


established test conditions. 


fuel was specified as being equal to S (com- 
mercial iso-octane of high purity), plus 1.25 
ces of T.E.L. per American gallon. 

But rating fuels in terms of S plus lead is 
not entirely satisfactory since the response 
of different fuels to a given amount of lead 
(the lead response curve) varies from one 
engine to another and the aero engine manu- 
facturer was not able to predict the per- 
formance of his engine by ratings of fuels 
quoted to him in terms of the reference fuel 
scale. Therefore, some performance 
scale was necessary to enable him to assess 
the likely behaviour of the various fuels in 
his engine, i 

This scale was evolved by plotting a curve 
giving, on the one hand, the performance, on 
an I.M.E.P. basis, of the test fuels, relative 
to iso-octane and, on the other, the iso-octane 
plus T.E.L. ratings of the same fuels. In 
view of the large number of engine types 
the results 
amount of 


and testing stations involved, 
when showed fair 
spread, but a mean curve was drawn throug 
all the points and from that curve a table 
the 
equivalent to any particular S 
(See Fig. 1.) 


plotted 


made showing 
number ”’ 


plus T.E.L. rating. 


Was performance 


From this performance scale the rating of 
iso-octane plus 1.25 ccs T.E.L./ American 
gallon (equivalent to 100 octane fuel) is 
about 129.5. For the purpose of specifica- 
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tion this was rounded off at 130; and the 
current 100 octane fuel then became known 
as 100-130 grade—100 under the ‘‘ Motor 
Method ”’ or weak mixture condition and 130 
for the rich mixture condition. 
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The performance scale suffers from the 
fact that it is based upon iso-octane plus 
T.E.L.; since the addition of equal amounts 
of T.E.L. in a fuel does not give the same 
increase in performance, e.g., if a perform- 
ance number of 100 is assumed to be equiva- 
lent to iso-octane without T.E.L., the per 
formance number of iso-octane plus 1-cc 
T.E.L. is about 125, plus 2 ces is 138, plus 
3 ccs 147, plus 4 ccs 153, and _ plus 5 
The then 
close that it is not of much use 
figure, in assessing rich mixture 
quality. 


ecs 1575. scale becomes s0 
above this 


anti-knock 


So far we have considered the anti-knock 
quality (weak mixture condition) of the fue 
up to 100 octane and its particular rich mix- 
ture rating, but it is equally important to be 
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able to assess the weak mixture value above 
100 octane. 
working in terms of 
numbers '’ by adding lead to both iso-octane 
and normal heptane, in an arbitrary concen- 


In this country we have been 


‘extrapolated octane 


tration of 4° ccs of T.E.L. per Imperial 


Gallon, thus raising re-rating the 
normal octane scale and extrapolating it to 
obtain weak mixture values above 100 
octane. (See Fig. 2.) 

But, in America, the iso-octane plus 
T.E.L. scale is used to measure weak mix- 


ture quality above 100-octane as well as for 
measuring rich mixture anti-knock quality. 

The Americans have recently taken the 
additional step of using the performance 
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scale derived for rich mixture quality and 
applying it to give an expression of the weak 
mixture performance of the fuel. Thus, 
When they think of a fuel of weak mixture 
quality equal to, say, S plus 0.50 cc T.E.L. 
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per American gallon, they quote the figure 
115 (see Fig. 1) as the weak mixture per- 
formance number. This then leads to the 
expression of anti-knock values better than 
100 octane number and better than 130 
grade, such as 120-150, or, as I mentioned 
at the beginning of this section, 130-160. 
We retained the C.F.R. Motor 
Method whereas the Americans have de- 
veloped the A.F.D. 1C test method, which 
makes use of the same basic laboratory en- 
gine, but has a different method of detecting 
detonation—by temperature plug. 


have 


We have tried fuel of 100-150 grade with 
considerable success, but although it helps us 
from the point of view of maximum power, 
it offers no improvement to the cruising 
rating of the engine. 

For transport, as distinct from military 
purposes, we must consider 100-130 grade as 
the fuel at present available for developing 
our transport engines. 

We have been doing a considerable amount 
of work lately on the distribution of fuel to 
the individual cylinders of the engine and 
some rather startling and disturbing facts 
have come to light. Not only have we 
found—what was already known—that some 
cylinders received the bulk of the 
of the fuel and the others the 

but, also, the lead in the fuel is 
similarly distributed and follows the “‘heavy 
ends ’’; since tetra-ethyl lead has a boiling 
point nearer the “‘ heavy ends,’’ although 
somewhat (200° C.). The 
ethylene di-bromide having a lower boiling 
point (131°C.) follows the lighter ends, with 
the result that the cylinders receiving the 
heavy ends and the high concentrations of 
lead show very heavy lead deposit because 


“heavy 
ends”’ “lighter 


ends,”’ 


above them 


there is too little bromine compound *o 
convert it to volatile form. 

I cannot impress upon those concerned too 
strongly that good distribution is absolutely 
If some cylinders are not receiv- 
ing the correct amount of lead it is a sheer 
waste of high knock rating fuel or, in 
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late the results obtained on both full scale 
multi- and single-cylinder engines. 

This became known as the C.F.R./ 
A.F.D.3C test method and called for the 
rating of fuels under rich mixture conditions 
in terms of a reference fuel scale. 


Since iso-octane was regarded as the 
primary reference fuel for determining anti- 
knock properties, the use of iso-octane, plus 
tetra ethyl lead, was agreed as the reference 
fuel scale. The rich mixture quality of a 
fuel was determined by matching a blend of 
iso-octane plus T.E.L. against it under the 
established test conditions. The rich mix- 
ture quality of the then current 100 octane 
fuel was specified as being equal to S (com- 
mercial iso-octane of high purity), plus 1.25 
ccs of T.E.L. per American gallon. 


But rating fuels in terms of S plus lead is 
not entirely satisfactory since the response 
of different fuels to a given amount of lead 
(the lead response curve) varies from one 
engine to another and the aero engine manu- 
facturer was not able to predict the per- 
formance of his engine by ratings of fuels 
quoted to him in terms of the reference fuel 
scale. Therefore, some ‘“‘ performance 
scale was necessary to enable him to assess 
the likely behaviour of the various fuels in 
his engine. ‘ 

This scale was evolved by plotting a curve 
giving, on the one hand, the performance, on 
an I.M.E.P. basis, of the test fuels, relative 
to iso-octane and, on the other, the iso-octane 
plus T.E.L. ratings of the same fuels. In 
view of the large number of engine types 
and testing stations involved, the results 
when plotted showed a fair amount of 
spread, but a mean curve was drawn through 
all the points and from that curve a table 
was made showing the ‘‘ performance 
number ’’ equivalent to any particular S 
plus T.E.L. rating. (See Fig. 1.) 

From this performance scale the rating of 
iso-octane plus 1.25 ccs T.E.L./ American 
gallon (equivalent to 100 octane fuel) is 
about 129.5. For the purpose of specifica- 
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tion this was rounded off at 130; and the 
current 100 octane fuel then became known 
as 100-130 grade—100 under the ** Motor 
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The performance scale suffers from the 
fact that it is based upon iso-octane plus 
T.E.L.; since the addition of equal amounts 
of T.E.L. in a fuel does not give the same 
increase in performance, e.g., if a perforn- 
ance number of 100 is assumed to be equiva- 


lent to iso-octane without T.E.L., the per- | 


formance number of iso-octane plus 1-cc 
T.E.L. is about 125, plus 2 ccs is 138, plus 
3 ccs 147, plus 4 ccs 153, and _ plus 5 
ces 157.5. The scale then becomes s0 
close that it is not of much use above this 
figure, in assessing rich mixture anti-knock 
quality. 

So far we have considered the anti-knock 
quality (weak mixture condition) of the fuel 
up to 100 octane and its particular rich mix- 
ture rating, but it is equally important to be 
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able to assess the weak mixture value above 
100 octane. In this country we have been 
working in terms of ‘‘ extrapolated octane 
numbers "’ by adding lead to both iso-octane 
and normal heptane, in an arbitrary concen- 
tration of 4° ccs of T.E.L. per Imperial 
Gallon, thus and re-rating the 
normal octane scale and extrapolating it to 


raising 


obtain weak mixture values above 100 
octane. (See Fig. 2.) 
But, in America, the iso-octane plus 


T.E.L. scale is used to measure weak mix- 
ture quality above 100-octane as well as for 
measuring rich mixture anti-knock quality. 

The Americans have recently taken the 
additional step of using the performance 
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scale derived for rich mixture quality and 
applying it to give an expression of the weak 
mixture performance of the fuel. Thus, 
When they think of a fuel of weak mixture 
quality equal to, say, S plus 0.50 cc T.E.L. 
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per American gallon, they quote the figure 
115 (see Fig. 1) as the weak mixture per- 
formance number. This then leads to the 
expression of anti-knock values better than 
100 octane number and better than 130 
grade, such as 120-150, or, as I mentioned 
at the beginning of this section, 130-160. 
We have retained the C.F.R. Motor 
Method whereas the Americans have de- 
veloped the A.F.D. 1C test method, which 
makes use of the same basic laboratory en- 
gine, but has a different method of detecting 
detonation—by temperature plug. 


We have tried fuel of 100-150 grade with 
considerable success, but although it helps us 
from the point of view of maximum power, 
it offers no improvement to the cruising 
rating of the engine. 


For transport, as distinct from military 
purposes, we must consider 100-130 grade as 
the fuel at present available for developing 
our transport engines. 


We have been doing a considerable amount 
of work lately on the distribution of fuel to 
the individual cylinders of the engine and 
some rather startling and disturbing facts 
have come to light. Not only have we 
found—what was already known—that some 
cylinders received the bulk of the ‘‘ heavy 
ends’ of the fuel and the others the ‘‘lighter 
ends,’’ but, also, the lead in the fuel is 
similarly distributed and follows the ‘‘heavy 
ends ’’; since tetra-ethyl lead has a boiling 
point nearer the ‘‘ heavy ends,’ although 
somewhat above them (200° C.). The 
ethylene di-bromide having a lower boiling 
point (131°C.) follows the lighter ends, with 
the result that the cylinders receiving the 
heavy ends and the high concentrations of 
lead show very heavy lead deposit because 
there is too little bromine compound *o 
convert it to volatile form. 

I cannot impress upon those concerned too 
strongly that good distribution is absolutely 
essential. If some cylinders are not receiv- 


ing the correct amount of lead it is a sheer 
waste of high knock rating fuel or, in 
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popular, if incorrect parlance, ‘‘ octane 
number.’’ In other words, the cylinders 


receiving a lead concentration below the 
average in the fuel are restricted in power, 
but with perfect distribution the engine 
would give the same power on much lower 
quality fuel and 100 octane fuel would not, 
for that power, be necessary. 


Tests have been done on 100-130 grade 
containing 7.2 ccs lead per imperial gallon 
where analysis of the exhaust gases showed 
that some cylinders were receiving a lead 
concentration equivalent to the 12 ccs per 
gallon; and, in some cases, even more! 


A V type 12-cylinder-engine was used for 
these tests and, under running conditions 
which caused sparking plug fouling in 
service, the T.E.L. contents of the fuel going 
‘to the individual cylinders were as follows. 
On the left cylinder bank, No. 1 cylinder 
received 4.9 ccs /1.G.; No. 2 5.3 ccs; No. 8 
5.3 ccs; No. 45.0 ccs; No. 5 6.3 ccs; No. 6 
5.2 ccs. 


On the right bank, No. 1 cylinder received 
12.1 ccs T.E.L./1.G.; No. 2 9.8 ccs; No. 3 
10.2 ccs; No. 4 6.3 ccs; No. 5 6.6 ccs; No. 6 
6.7 ccs. 


Nos. 1, 2 and 3 cylinders on the right. bank 
not only received a large amount of lead 
but, in view of the equitable distribution of 
ethylene di-bromide, they received the lead 
in the form of approximately 0.5 T mix of 
ethyl] fluid, or only about half of the ethylene 
di-bromide required to combine with the lead. 
Furthermore, the octane number of the fuel 
delivered to No. 2 cylinder on the left bank 
was only about 95, whereas that delivered 
to No. 1 cylinder on the right bank is better 
than 103 octane number. 


The rich mixture quality of this fuel is 
equivalent to 120 performance number so it 
might be said that the worse cylinder, which 
after all determines the performance of the 
engine, is operating on 95-120 grade fue’, 
whereas the fuel in the tank is 100-130 
grade. 
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When one realises the tremendous pressure 
which has been exerted throughout the war 
to relax the weak mixture quality even by 
one octane number in order to improve pro- 
duction, it will be seen that if a fuel of this 
lower quality could have been used satis- 
factorily the production position would have 
been happy indeed. 


To improve distribution I feel that we 
must eventually go to individual injection 
to each cylinder—either directly into the 
cylinder, or injecting through the inlet ports. 
This is, I submit, particularly necessary in 
the case of large engines. But if this is done 
the question of air distribution to the 
cylinders must not be forgotten, because it 
is not necessarily the case that the air is 
equally distributed. 


Timed or individual injection means that 
there will be some loss in blower efficiency 
and that the blower will have a reduced com- 
pression ratio. 
maximum power condition and can be over- 
come by water or water/methanol injection 
in the eye of the blower for take-off and/or 
combat conditions. 


Whilst distribution has an effect on fuel 
economy, both as regards making full use of 
the anti-knock value of the fuel and reducing 
consumption, it does not have a profound 
effect on consumption as a whole; and the 
question of fue! consumption is going to be 
very important in the future, particularly for 
air transport machines and long range 


bombers. Whatever one does to improve the | 


distribution to the individual cylinders, the 
resultant reduction in fuel consumption will 
still be insufficient and we must look else- 
where to obtain a real improvement in con- 
sumption. 


To obtain the best conditions for minimum 
fuel consumption, the engine must have a 
high mechanical efficiency and take as much 
energy from the fuel as possible. This means 
that under cruising conditions the engine will 
run at the lowest speed (r.p.m.) practicable 


But this mainly affects the | 


Si 


‘ 
I 
f 
i 
e 
a 
t 
b 
t 
& 
il 
ae 
p 
ir 
is 
ir 
q bi 
S) 
tt 
SE 
al 


that 


lency 
com- 
s the 
over- 
ction 
id /or 


fuel 
ise of 


ucing 


found 


d the 


to be 
ly for 
range 
ve the 
;, the 
will 

else- 
con- 


imum 
ave a 
much 
neans 
will 
icable 


THE 


and with the highest M.E.P. possible. I can 
foresee no real gain in increasing the com- 
pression ratio above 7-1 since such an increase 
results in high peak combustion pressures and 
will restrict the boost which can be used for 
full power and take-off. 


The only way to obtain a real improvement 
in fuel consumption is to utilise the energy 
of the exhaust gases, either by means of a 
turbo blower, or a turbo driving back to the 
crankshaft through gearing. 


It is said that the relatively simple ejector 
exhaust pipe will make as good use of the 
exhaust gases as the turbo blower, when the 
aircraft is cruising above 350 m.p.h., or 
thereabouts. I feel, however, that the turbo 
blower will still be effective at these speeds. 
But one will have to make a balance sheet 
to see whether or not the weight of the turbo 
blower and the more complicated exhaust 
system and ducting does not militate against 
increased power by adding undue weight and 
“drag ’’ to the aircraft. 


Safety Fuels 


The development of individual injection to 
each cylinder opens the way to the use of 
so-called safety fuels. These are high flash 
point (100°F.) fuels having much the same 
anti-knock properties as aviation petrols now 
in use. 


The question of how safe these fuels are 
is still very largely undetermined. From the 
point of view of safety fuels in military 
aircraft, explosive fuel/air mixtures will exist 
in the fuel tanks over a much wider range of 
conditions than is the case with high 
volatility aviation fuels. But the effect of 
safety fuels upon fires in crashes has yet to 
be determined. 


One would expect that since direct injection 
involves merely boosted air in the induction 
system, rather than a boosted fuel/air mix- 
ture, then’ the boosted mixture fire con- 
sequent upon engine failure will disappear 
and, certainly, since the vapour pressure of 
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the fuels will be very much lower than those 
now current, the dangerous area surrounding 
fuel tanks after crash should not be so large 
and the chances of flash back to the fuel from 
relatively distant fires much more remote. 

A further point of importance, both ‘in 
military and civil operations, is that the very 
low vapour pressure will reduce, to vanish- 
ing point, the loss of fuel due to evaporation 
in flight. 

A good deal of work still remains to be 
done to evaluate the future possible use of 
fuels of this type, but they certainly merit 
detailed and practical investigation. 


The Gas Turbine 

THE GAS TURBINE HAS NOT ONLY 
COME TO STAY, BUT IT IS BOUND TO 
TAKE THE PEACE OF THE PISTON 
ENGINE FOR MANY APPLICATIONS. 
IT WILL, IN MY OPINION, BE SO 
COMPETITIVE IN FIVE OR_ TEN 
YEARS’ TIME THAT THE LARGE 
PISTON ENGINE MAY NOT SURVIVE. 
AND THE SMALLER PISTON ENGINE 
WILL HAVE A HARD TIME TO EXIST, 
ALSO. 


The principal disadvantage of the gas 
turbine is its high fuel consumption. For 
this reason alone the piston engine will 
remain in the picture for some time and until 
we know more about the operating economy 
of the gas turbine and the particular design 
of aircraft required for it. 

But one great advantage of the gas turbine 
is the speed at which it can be evolved. It 
takes about one-third of the time to design 
and build a prototype turbine of the simple 
““ jet ’’ type, compared with a piston engine 
of comparable power. Even the more com- 
plex turbine types and those having pro- 
pellers should only take about half the time 
of the equivalent piston engine, to build. 

For instance, a piston engine will take some 
eighteen months from the design to the pro- 
totype stage, and then another two to three 
years to the commencement of production. 
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Whereas the simple turbine /jet takes about 
six months to design and build in prototype 
form and, approximately, a further year to 
put into production—eighteen months in all 
as opposed to four vears or so for the piston 
engine. 

Further, the simple turbine/jet is about 
one-third of the weight of the piston engine— 
power for power—and its installed weight is 
little more than its “‘ dry ’’ weight; because 
it does not have a radiator or coolant, neither 
is a large quantity of lubricating oil necessary 
for its operation. Nor is an oil cooler required 
when ba!! or roller bearings are used instead 
of plain bearings. 

The smoothness of operation of the gas 
turbine, whether used in ‘‘ jet ’’ form or with 
a propeller, is such that the airframe will 
undoubtedly need less maintenance than is 
at present required for those aircraft fitted 
with the high duty piston engine and where, 
in consequence, there is _ considerable 
vibration. 

The gas turbine can be built in a number 
of different forms. One is the original and 
classic ‘‘ Whittle’’ type, having a single 
stage centrifugal blower and single stage 
turbine and operating as a pure “jet.” 
Another form, working on similar principles, 
is that using a multi-stage axial blower with 
a turbine wheel. Both these tvpes—centri- 
fugal and axial—can be arranged to drive a 
propeller, through double reduction gearing, 
by suitable proportioning of the blower to 
turbine. 

There are also turbine/prepeller combin- 
ations using axial and centrifugal blowers in 
series, in order to give a higher pressure ratio 
and improved economy. Other blower and 
staging ’’ arrangements are possible. 
There is also the turbine with augmenter. 
This is really a turbine type fan in an annular 
duct surrounding the main turbine. The fan 
is usually connected to a ring of turbine 
blades located in the gas stream of the turbine 


proper. This augments, or supplements, the 
main jet stream and is, virtually, a ‘‘ half- 
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way house ’’ between the simple jet and the 
turbine-driven propeller. 

These various combinations will be tried in 
the near future and we will then know some- 
thing of their relative merits. But a good 
deal of intelligent guessing and calculation is 
in progress at the present 
endeavour to forecast the best arrangement 
for a given aircraft requirement. 


time in an 


The basic difference between the turbine 
jet and turbine, propeller arrangement is that 
the simple jet gives all its available power 
in the form of exhaust jet energy; the ex- 
haust gas being ejected as a relatively small 
diameter high velocity stream (about 1,600 
ft. per second), the reaction of which propels 
the aircraft through the air. Whereas the 
turbine/propeller arrangement uses about 
80 per cent. of the turbine available power to 
drive a normal propeller and the remainder is 
employed in “‘ jet’’ form. 


The propeller | 


can be considered as a large diameter low | 


velocity unducted fan. 

The figure of 80 per cent. is chosen 
arbitrarily to illustrate this case, but the 
division of power as between the propeller 
and the jet can be so arranged to suit any 
particular operating condition. ' 

In the case of both the turbine/jet and 
turbine/propeller their propulsive effect is 
highest when there is least difference in speed 
between their respective ‘‘ discharges ’’ and 
the speed of the aircraft in which they are 
fitted. 

This assumes that efficiency is assessed on 


a change of kinetic energy basis; where | 


input per lb. of air flow is equal to the jet 
kinetic energy less the kinetic energy ot 
forward speed— 


2g 2¢ 


It is difficult to estimate what the operating 
economy of a gas turbine will be, in the ait, 
from the fuel consumption obtained on the 
test bed; since at altitude it is run at com 
ditions (higher n/t values) which cannot 
yet be exactly simulated on the test bed at 
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sea level and ‘‘ static ’’ conditions. But this 
difficulty (which is similar to that of the 
modern piston engine having a carburettor or 
injection system with automatic adjustment 
and compensation) will eventually be over- 
come when we are able to test the blower 
and turbine, separately or combined, in 
special altitude test houses. 

The relatively high test bed fuel con- 
sumption of the simple turbine/jet is gener- 
ally improved upon in the air, particularly 
at high altitude, say, 36,000 ft. The reason 
js that—assuming constant speed (r.p.m.) 
conditions—the combustion temperature, or 
the temperature of the gases at the turbine 
entry, together with the temperature rise 
across the blower, will remain approximately 
constant. Therefore, since the ambient 
temperature is lower at altitude, there will 
be a higher temperature ratio across the 
engine and a higher pressure ratio across the 
blower. These effects may, however, be 
somewhat offset by a drop in adiabatic 
efficiency and the ‘‘slip’’ factor of the 
blower. 

In the case of the simple turbine/jet a 
reasonable fuel economy can only be obtained 
at high speed and high altitude; since the 
propulsive efficiency, which is a function of 
jet velocity /aircraft velocity, improves with 
speed. Therefore, in order to obtain better 
fuel economy it is necessary to fly fast and 
high. 

It is clear, therefore, that the mating of a 
particular turbine to its proper airframe is a 
most important consideration and there is no 
doubt that the turbine propelled aircraft 
must be ‘‘ tailor-made ”’ to suit its engine, or 
vice versa. And, in order to determine the 
correct size and type of turbine for a parti- 
cular aircraft, it is first necessary to know 
the following (aircraft) operating require- 
ments: Speed, operational height, range and 
military, or pay load. 


of the  turbine/propeller 
arrangement; this is more flexible in meeting 
the flight conditions of the various aircraft 


In the case 
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types of moderate speed—around 300 m.p.h. 
—and the propeller can be matched to the 
turbine and so designed that both will give 
the optimum efficiency in a particular air- 
craft. 

It would appear that for high altitude and 
high speed—particularly in the case of fighter 
aircraft—the simple gas turbine /jet combin- 
ation meets the case. But, for the lower 
altitudes and speeds and for large aircraft, 
the turbine/propeller combination will be 
used. I think there will be many applications 
of the latter, since it is not always feasible, 
or desirable, to fly at very high altitudes, or 
at extreme speeds. 

The foregoing gives some idea of the future 
of the gas turbine. But there are a number 
of points, one or two of which I will mention 
here, that must be looked into in order to 
make the turbine a successful aircraft engine. 

Turbines consume an enormous amount of 
air. This is in the order of 1 lb. per second 
per 50 lbs. of thrust. It is important to see 
that the air intake is properly designed and 
adequate measures taken to avoid ingress of 
sand and foreign bodies, etc., and also to see 
that there is proper protection against icing. 
At the same time, it is very necessary to 
avoid entry losses, which seriously affect the 
efficiency of the engine. 


Gas turbines being, virtually, ‘‘ full 
throttle ’’ engines are affected quite seriously 
by the intake temperature and care must be 
taken to see that engines for aircraft which 
will fly to many parts of the world are 
designed with sufficient ‘‘ capacity ’’ to cope 
with take-off conditions in hot climates, as 
well as temperate ones. 


It may be of interest to those who have not 
worked on turbines to know that the gas 
turbine cannot yet use the same air/fuel 
ratios as the ordinary piston engine. The 
piston engine uses the chemically correct 
air/fuel ratio of about 15:1, whereas that 
used in the turbine is in the region of 60-70:1. 
The reason for this high air/fuel ratio is that 
the temperatures must be kept lower than 
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those in the piston engine. But improve- 
ments in the future, mainly in regard to 
materials, will allow higher temperatures and, 
therefore, lower air/fuel ratios to be em- 
ployed; although these ratios will still be 
higher than those of the piston engine. 

The fuel consumption of the simple 
(Whittle) turbine/jet engine is higher than 
1 lb. per lb. thrust per hour under “‘ static ”’ 
conditions; but we are now very close to this 
figure and it may be possible to get somewhat 
below it in the near future. 

The various “‘staging’’ arrangements 
with blowers of the axial and centrifugal 
variety will, with propellers or ducted fans, 
or as simple jets, give still lower fuel con- 
sumptions. And we can foresee consump- 
tions which are better than the ‘‘full throttle”’ 
or ‘‘ take-off ’’ figures of the piston engine; 
and which, in a suitably designed aircraft, 
will give better “‘ air miles per gallon ’’ than 
the piston engine, provided that the machine 
is operated at the best conditions for its 
power plant. 

In addition to the various methods men- 
tioned here for improving the operating 
economy of the turbine, there is very close 
collaboration with the material suppliers, to 
give us improved materials—for blades, etc. 
—which will allow higher operating temper- 
atures and so further improve the thermal 
efficiency. Much valuable work has been 
done in this direction already. 

Combining the two-stroke piston engine 
with the gas turbine, using the former, partly 
or wholly, as a ‘‘ gas generator’’ and so 
enabling gases to be burned at high temper- 
ature and pressure before expanding them 
and leading them to the turbine, will give 
even better results than either the piston 
engine or the turbine, insofar as fuel con- 
sumption is concerned; and _ particularly 
where relatively low altitude and extreme 
range operation are required. 

As regards fuels; the gas turbine generally 
uses “‘ kerosene ’’ or “‘ vaporising oil,’’ but 
“any old fuel’’ will not necessarily do 
because it may soot or “‘ coke ’’ the com- 
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bustion and impair the over-all 


efficiency. 


system 


air consumption and relatively low thermal 
efficiency, the pressure drop through the 
combustion system must be kept as low as 
possible. And there must be no “‘ flaming ” 


past the turbine blades otherwise they wil] 


overheat. 

It is quite possible that “‘ additives ”’ to 
the fuel will be evolved in the future, further 
to improve combustion efficiency; similar to 
tetra-ethyl lead in petrols and ethyl nitrate 


and cetane in the fuels used for compression © 


ignition engines. 

It must not be supposed that gas turbine 
fuel will necessarily be cheap and that there 
will be any particular advantage over and 
above petrol. Because, although the price 


‘may be about one half to two-thirds that of | 


100-130 grade fuel (at source), an equal 
amount must be added to each fuel to cover 
shipping and distribution charges. There. 
fore, if an aviation fuel costs, say, sixpence | 
per gallon, at source, and a kerosene or | 
vaporising oil threepence or fourpence; and | 
tenpence or a shilling per gallon is added to 
each to cover distribution costs, the difference 
between the two is not so great as might be | 
supposed. However, it is undoubtedly true 
to say that the fuel for the gas turbine wil | 
be somewhat cheaper than that for the high — 
duty piston engine. 

In view of the relatively high fuel con- 
sumption of the turbine, there is a strong 
case for the fuel companies to investigate the 
possibility of producing a fuel which wil 
have a very high calorific value per unt 
volume. I mention, specifically, ‘‘ calorific 
value per unit volume ’’ because we cal 
more easily deal with weight than bulk in 
the modern high speed aircraft. 

It will be appreciated that the fuel for the 
gas turbine is, virtually, a ‘‘ safety ’’ fué 
and, therefore, promises considerable advat 
tages over the normal fuels at present used 
in piston engines. But, in my view, the > 


As a matter of fact, it is very | 
necessary to have high combustion efficiency | 
in gas turbines and, because of their large | 
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safety aspect will be mainly confined to the 
tankage and piping—the fuel installation—in 
the aircraft and not necessarily to the engine; 
because the engine is like a very large 
‘“ blow-lamp ’’ and, in the event of a crash, 
will ignite kerosene equally as well as petrol 
is ignited by the piston engine. The one 
possible advantage the turbine has over the 
piston engine is that there is not so much 
lubricating oil used because turbines generally 
run on ball bearings and, therefore, there is 
less hazard of ignition being initiated by 
lubricating oil. 

As a matter of interest, I give in Table I 
the specific gravity and calorific values of 
various petroleum fuels. And it will be seen 
that, if a gas turbine could run on ‘‘ heavy 
Diesel oil ’’ or ‘‘ boiler fuel,’’ there would 
be an improvement in volumetric fuel con- 
sumption of the order of 15 per cent., com- 
pared with the present fuel used—‘‘ pool 
burning oil.’’ But, unfortunately, apart 
from the undesirable features connected with 
the combustion of the heavier fuels—deposits, 
etc., it appears that P.B.O. is the heaviest 
fuel we can expect to get with a freezing 
point in the region of — 50°C. 


In Conclusion—Thinking Aloud 
I have chosen this somewhat peculiar 
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heading as an excuse to inflict upon you, at 
random, some of my personal thoughts on 
the future problems that face us in the air. 
There will be big changes in the aircraft 
world in the next five or ten years and not 
the least will concern the power unit—the 
transition from the piston engine to the gas 
turbine; if not for every aircraft application 
at least for a large proportion of aircraft 
projected in this period. 
The gas turbine, in “ all-out’’ aircraft 
such as the intercepter fighter, will, in a very 
short period, bring us right up against ‘‘ com- 
pressibility.’” And then it is very doubtful 
if we will gain anything by an increase in 
engine power, until the aircraft man knows 
how to go through the ‘‘ compressibility 
wall.’’ This may be a long-drawn out pro- 
cess, necessitating not only high speed wind- 
tunnel research, but, also, the more speedy 
solution of building and flying an aircraft 
particularly designed for this one purpose. 
On this question of applied research, I 
cannot do better than recommend you to read 
Ricardo’s Presidential Address before The 
Institution of Mechanical Engineers. 
I doubt if we will ever see engines 
‘“‘ buried ’’ in the wing, except in the very 
largest aircraft of 200,000-250,000 lbs. all-up 
weight or thereabouts, or where a multiplicity 
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TABLE 1 
Wee Calorific Value (net). Ratio to P.B.O. Ratio to 100/130 Grade 
Fuel. Specific 
Gravity. | B T.U.’s/LG. | Per Ib. Per | Per lb. | Per 1G. 
100/180 Grade ...| .720 18940 136580 1.021 9081 1 1 
Cumene ee 862 17820 153600 -960 1.02 -940 1.124 
Safety Fuel Alk. 
Bottoms... -750 18820 141160 1.014 -9386 -9936 1.034 
RDE|SF/1 [SO 
Dodecane | 18740 144460 1.009 -9605 1.058 
Pool Burning Oil | .810 18560 150390 1 1 9802 | 1.101 
.801- 148950- 
he 06 | 18590 | 49880 | 
Gas Oil ase| 2850) 18260 155230 -9836 | 1.032 .9641 1.136 
Light Diesel Oil... 8/0 18050 157040 -9722 | 1.044 -9529 Lele 
Heavy Diesel Oil 910 17980 163630 .9684 | 1.088 -9492 1.198 
Boiler Fuel .. 973 17800 173160 -9585 | 1.1514 9395 1.268 
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of small power units are used. Thinner 
wings will be made, engine powers are 
increasing and it is just not possible, in my 
opinion, to hide the engine completely. 
Possibly, engines may go in the fuselage, in 
certain aircraft types; with suitable vibration 
damping and installed in fireproof compart- 
ments, insulated for sound and heat. 

The advent of the gas turbine, because of 
its much lower weight, may bring about an 
increase in the structure weight of wings: 
since it (the turbine) will contribute less to 
the relieving loads and more “ meat ”’ will 
have to go into the wing itself. 

This, of course, applies equally and even 
more so to engines installed in the fuselage. 
But, in the latter case, the result of having 
a wing completely free from lumps will more 
than compensate for its greater structure 
weight. 

Future propellers must be developed to be 
completely independent of the engine 
oil system—the whole operating mechanism 
being incorporated in the propeller hub. It 
must also be proof against freezing. And it 
should be designed so that the blades will go 
into a safe coarse pitch in the event of a 
failure of any part of the controlling 
mechanism. The governing of the propeller, 
operating under constant speed conditions, 
should be ‘‘ dead-beat.’’ The maximum 
rate of pitch change available must be 
sufficiently high to cover the feathering, 
braking and baulked landing cases—about 
45°-50° per second. 

It is considered that propellers can be used 
without serious drop in their efficiency at 
(maximum) aircraft speeds of 500 m.p.h. 
and possibly between 500 and 550 m.p.h. 
But it will mean the use of very thin blade 
and root sections and the blades must be 
rigid and not suffer from ‘‘ flutter ’’ at these 
speeds. In this connection I think the hollow 
steel blade will have to be considered. 

We in this country have always fought shy 
of this type of blade because of the big 
design, production and repair difficulties 
involved. It has been recognised, however, 
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that there is a saving in weight with the 
hollow steel blade, for propeller diameters 
above (approx.) 13 ft. But I am now 
practically convinced that the hollow steel 
blade will come in for the smaller diameters, 
particularly for these extremely high speeds 
—although the propeller itself will probably 
die, just so soon as we can employ the 
turbine/jet economically in those machines 
suited for such speeds. 

In addition to its smoothness of operation, 
the gas turbine of the simple “‘ jet ’’ type 
will be silent, so far as the passengers and 
crew are concerned. But when fitted with a 
propeller there will be some noise, which 
may be more tiring and irritating than the 
combined noise effect of the propeller and 
exhaust of the conventional engine. This 
problem will be similar to that of the modem 
automobile, where the engine was developed 
to a high degree of silence and then people 
complained of the various noises and squeaks 
from the chassis and body. When these 
were largely eliminated the next source of 
irritation was the noise of the wind past the 
body and particularly when the “ Fisher ”’ 
type ventilating windows or louvres were 
fitted! I am sure, however, that modern 
sound-proofing technique can go a long way 
towards eliminating those noises which tend 
to make journeys by air so tiring. 

When peace descends upon us, the Royal 
Air Force will be left with obsolete aircraft 
and only makeshift aircraft for transport 
purposes will be available. 

From the military angle this will also be 
true of other Nations; since although war 
speeds development, its needs and wastage 
are so gigantic that it is often difficult, if not 
impossible, to stop or even reduce production 
on current engines and aircraft in order to 
introduce new types, if these cannot be got 
into production quickly and in sufficiently 
large numbers for the war. Therefore, an 
entirely new development may not progress 
quickly in war-time; unless it is of vital 
urgency. 

This country, due to its small size relative 
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to America and because we have been at war 
for a longer period than America, has its 
whole industrial effort concentrated upon 
munitions, with little or nothing to spare for 
any new development not directly applicable 
to war. 

America has an advantage over us because 
of her great natural and industrial resources. 
And she has had further advantage in enter- 
ing the war after ourselves; ailowing her to 
profit from our experience and mistakes. 

Since we had not the extra capacity, it was 
agreed that America should build transport 
aircraft for both Nations. Even although 
these were mainiy for military .use, some 
were direct adaptations of civil transport 
types and more modern types are in build 
and projected. 

America will inevitably have a considerable 
lead over ourselves in the construction of 
transport aircraft. But, after all, we will be 
in the same position in regard to transport 
aircraft as America has been in military 
aircraft; just as she must have profited from 
our experience in the latter case, we should 
profit from her experience in the former and 
go out to develop and build even better trans- 
port aircraft than she. 

On the military side we have first to 
visualise what type of aircraft will be needed 
ten or twenty years hence and we can only 
do this by considering the probable political 
position at that period. 

Since we are never likely to be an 
aggressor nation and more likely to be the 
target of an aggressor, we should consider the 
rebuilding of an up-to-date air force, in two 
phases: (a) The first covering, principally, 
defensive types, with some strategic types; 
and (b) the second, to be brought into oper- 
ation quickly after the start of war, to pro- 
vide suitable offensive aircraft for the 
propagation of the war. 

For phase (a) and assuming a European 
War, we could then develop, in the next five 
or ten years, extremely high performance 
interceptor fighters for the defence of this 


country. And very high speed medium- 
sized bombers of sufficient range and load 
carrying capacity to harrass the aggressor, 
whoever and wherever he may be on the 
European continent. Cadré, or skeleton, 
squadrons of these machines could be formed 
and, with a nucleus of picked pilots, experi- 
ence would be gained of the tactics to be 
employed. The main strength of the Royal 
Air Force would then be gradually trans- 
ferred to these new types as they become 
more fully developed. 

From our experience of this war, however, 
it does seem to me that, from the European 
standpoint, the aircraft as we know it to-day, 
with a pilot or pilot and crew, will only be 
used in a relatively limited way; because I 
can foresee developments in the use of the 
large rocket and also, ‘‘ Radar ’’-controlled 
missiles, which may be expendable—such as 
the flying bomb—or pilotless aircraft capable 
of being accurately directed to drop their 
bombs on the target and then returned to 
base. I can visualise also pilotless aircraft, 
similarly controlled, for photographic recon- 
naissance. 

The result will be that the aggressor nation 
will, without warning, project all these 
unpleasant things upon us and the only 
(relatively) conventional aircraft he need use 
are troop transports, which will come across 
after the attack for the purpose of occupa- 
tion. 

Therefore, the only use we could make of 
our interceptors and high speed bombers, 
under such conditions, would be to shoot 
down any “ Radar ’’-controlled and pilotless 
aircraft coming over this country; and to 
bomb heavily, at a high rate, the rocket and 
aircraft launching sites of the aggressor. 

This assumes, of course, that we, by our 
Intelligence system and various ‘‘ Radar ’’ 
developments, can have some idea of the 
aggressor’s intentions and movements before 
it is too late. 

My grateful thanks go to my colleagues 
in M.A.P, for “‘ vetting ’’ certain sections 
of this paper. Since it is my own work they 
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are not in any way responsible for the views 
expressed, which are entirely my own and 
do not necessarily represent the official views 
of the Ministry. 


DISCUSSION . 

Dr. H. R. Ricarpo (President, Institution 
of Mechanical Engineers, Fellow): He felt 
somewhat at a disadvantage in discussing 
Air-Commodore Banks’ excellent paper, 
because he could find in it so little with 
which to disagree or to argue about. 

In view of the rapid development of the 
gas turbine, he felt it was a waste of time 
and energy to attempt to develop piston 
engines of the conventional form of over, 
say, 3,000 h.p.; but that was not to say that 
he was yet prepared to utter a funeral oration 
over piston engines in general. The advent 
of the turbine should and would, he hoped, 
make the piston engine pull up its socks; and 
there was still plenty of slack to be taken up, 
especially in the way of fuel economy. 

During the war their first and foremost 
demand had been for power at all costs and, 
as the author had pointed out, amazing 
‘results had been achieved in that direction, 
but only at the price of fuel economy and 
by the aid of very strong stimulants in the 
way of special fuels. 

The fuel consumption of a piston engine 
was a function of the expansion ratio that 
could be employed, the power a function of 
the amount of oxygen that they could stuff 
into it in a given time. In order to stuff as 
much oxygen as they could into the cylinder, 
they carried out the compression in several 
stages, but the expansion in one only, and 
even that had had to be curtailed. By so 
doing they outraged the thermodynamic laws 
and had to pay the price in heavy fuel con- 
sumption and the need both for intercooling 
and for ever higher octane fuels. 

Dr. Ricardo agreed entirely with the author 
that there was little case for developing 
special engines for civil transport. He 
pleaded rather that, for civil use, they modi- 
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fied the existing highly-developed military 
engine merely to the extent of increasing its 
expansion and lowering its first stage com- 
pression ratio. That done, it should be 


possible, straightaway, to get down to a | 
consumption of 0.40 lbs. per shaft horse. | 


power hour, and that on ordinary 100 octane 
fuel. 


By so doing they would lose considerably | 
in take-off power; but to-day they knew of | 


several ways of accentuating temporarily the 
power of an engine, so that they need not 
worry overmuch on that account. 

Expressing agreement with all that the 
author had said about the very great advan- 
tages of the turbine, Dr. Ricardo joined with 
him in paying tribute to Air-Commodore 
Whittle for his masterly pioneering work in 
that field. 

The snag about the turbine, of course, was 
its heavy fuel consumption, and that was 
rather a fundamental snag. On the other 
hand, its mechanical efficiency was virtually 
100 per cent., which stood it in very good 
stead, more especially at high altitudes, 
where the mechanical losses of the piston 
engine were apt to bulk very large. As in 
the case of the steam turbine, they could do 
something to improve its efficiency by heat 
regeneration, inter-stage re-heating, etc., but 
those fluences added considerably to its bulk 
and weight. They could not, as in the steam 
turbine, extend the expansion ratio by con- 
densing. 

The efficiency of any heat engine depended 
on the range of temperature through which it 
could operate. The combustion, in reason- 
able time, of any hydrocarbon fuel in air 
gave rise to a temperature ranging from 
2,500° to 3,000°C. absolute, depending on 
mixture strength, compression ratio, ett. 
That temperature was the starting point in 
either the piston engine or the turbine. 
Unfortunately, the turbine could not digest 
a temperature much in excess of 1,000°C. 
absolute. In order to bring the temperature 
down to that level they had to supply a very 
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large amount of dilution air, some four times 
that of the combustion air. If that dilution 
air were a free issue, it would not matter; 
but unfortunately it had all to be handled 
and compressed by a blower, whose efficiency 
was substantially less than 100 per cent. 


The piston engine, on the other hand, 
could cope with temperatures of the order of 
9,500°C. or more, and so could drink its 
working fluid neat, but, unfortunately, could 
not usefully expand it down to below about 
1,500°-1,600°C. Thus, the piston engine and 
the turbine resembled Jack Sprat and his 
wife! 

Surely the obvious line of development 
was to marry the two, using the piston engine 
to deal with the small volume, but high 
temperature part of the heat cycle, and the 
turbine with the large volume low temper- 
ature. Between the minimum temperature 
of discharge from the piston engine and the 
maximum that the turbine could at present 
accept there was still a certain gap; to bridge 
that gap some, but relatively only a little, 
dilution air would be required. That was a 
pity in some ways, but they could make a 
virtue of necessity, for the presence of excess 
air at once rendered attractive the use both 
of the two-stroke cycle and of compression 
ignition. Of the two-stroke cycle because it 
could deal, with advantage, with a greater 
volume of air than its cylinder volume 
defined, hence a much smaller cylinder 
capacity would suffice; of compression 
ignition because the presence, in any case, of 
excess air in the cylinder removed the main 
handicap to Diesel operation, namely, that 
it was not possible to consume the whole of 
the air in the combustion chamber. 


Apart from the use of heavy oil, the com- 
pression ignition engine, in such an applica- 
tion, would have other important advantages, 
more especially in the way of control. 

On some such lines it should be possible 


to realise an overall efficiency far in advance 
of anything which had yet been achieved, or 


was in sight with either the piston engine or 
the turbine alone. 

In the paper the author had referred to 
such an arrangement; indeed, many such had 
been proposed during the last fifteen years, 
but hitherto they had lacked sufficiently 
developed ironmongery to deal with the low 
pressure end. 

The experience now available with turbines 
and blowers of large power has brought the 
application of such a combined unit into the 
realm of practical politics, more especially 
for long range aircraft. 


Air-Commodore WHITTLE (Fellow): The 
author had dealt very fairly with the 
prospects of the gas turbine and there were 
no points on which he was in violent disagree- 
ment; but that did not mean that he agreed 
with everything. The subject was a very 
big one and the author had achieved quite a 
feat of compression; but one would like to 
amplify some of the points made and modify 
the emphasis on others. 

The effect of the reduction of temperature 
with height in improving the efficiency of the 
gas turbine was not due only to the increase 
of compression ratio for a given speed. A 
very important factor was the increase of the 
positive-negative work ratio of the constant 
pressure cycle for a given maximum com- 
bustion temperature. The positive-negative 
work ratio was very important with the order 
of efficiencies which were at present obtain- 
able in compressors and turbines. The 
author had really covered the point in his 
reference to the improvement of the temper- 
ature ratio across the engine; but perhaps 
that would seem a little obscure to many. 
The positive-negative work ratio was so 
important that it imposed a limit on the 
raising of the compression ratio. One could 
not just obtain more efficiency by raising the 
compression ratio indefinitely; there was an 
optimum value of the compression ratio for 
a given maximum temperature and com- 
ponent efficiencies. 
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The effect of aircraft drag was even more 
important with the gas turbine than with the 
ordinary aircraft engine of the piston type, 
and especially with the jet propulsion gas 
jurbine, because the thrust horse-power 
developed with the latter was almost linear 
with the speed; hence, anything that was 
done to reduce drag automatically increased 
engine power. With the petrol engine and 
airscrew there was a tendency in the opposite 
direction at very high speeds owing to the 
fall off of propeller efficiency. 

However, the effect of reduction of drag 
on the power required for climb and take-off 
was not very great. Hence, as aircraft drag 
was reduced, the gap between maximum 
power and cruising power continually 
increased. The power-height characteristics 
of the gas turbine were such that power plant 
having adequate maximum power for take- 
off and climb provided economical cruising 
power at heights of the order of 36,000 
feet. 

The author had hinted at the many possible 
variations in the form of the gas turbine; 
that was one of the factors which troubled gas 
turbine designers. To the large number of 
permutations and combinations possible in 
the arrangement and type of the main organs 
must be added the possible variations in the 
In fact, the linear scale of a 
given arrangement was infinitely variable 
within wide limits. These possibilities of 
variation presented the gas turbine designer 
with a very difficult problem. In order to 
fix his design, he must know the job of work 
the engine was going to do. The author had 
pointed out that aircraft and engines must 
be tailor-made to suit each other; and the 
same point was made by Sir Roy Fedden in 
his Wilbur Wright Lecture. It could not be 
made too often or with too much emphasis. 
With one or two exceptions, up to the present 
the gas turbine designer had been designing 
ina vacuum. In short, as compared with the 
reciprocating engine, the gas turbine pro- 
vided many more possibilities of variation, 


linear scale. 
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but each much 
specialised. 

In Air-Commodore Whittle’s opinion the 
author had over-emphasised the high fuel 
consumption of the gas turbine; and Dr, 
Ricardo had also had a crack at it. But that 
was not an intrinsic characteristic of the gas 
turbine, if one bore in mind the job of work 
for which the power plant was intended. 
Much lower fuel consumptions per T.H.P.- 
hour than those obtained at present were 
possible at the price of increased complexity 
and weight, and whether or not it would pay 
to go for it depended again on the work the 
aeroplane had to do. For some purposes a 
simple gas turbine of relatively high fuel 
consumption measured in terms of thrust 
horse-power could show such a saving in 
power plant weight that the fuel consumption 
in proportion to pay load carried was 
actually lower than for ‘normal power plant. 
In illustration of that he mentioned that a 
well-known aircraft designer, having a very 
high performance specification to meet, had 
made rough designs of two alternative aero- 
planes, one with gas turbine jet propulsion 
and the other with the normal piston type 
power plant; the one with the piston engines 
worked out at more than twice the all up 
weight of the other and had to carry more 
fuel for the same duration of flight and for 
the same military load, 

Air-Commodore Whittle predicted that, 
even though the gas turbine might never 
show a fuel consumption as low as the piston 
engine in terms of thrust horse-power, never- 
theless it would be possible to get a greater 
value of the product of range and percentage 
of pay load with the fast gas-turbine-engined 
aeroplane than with the relatively slower 
piston-engined aeroplane. 

The criterion of the fuel consumption in 
terms of static thrust was very unsatisfactory 
for general purposes. It was useful for 
comparing the effect of changes on the 
behaviour of a given engine on the bench, 
but that was almost the limit of its useful- 


arrangement Was more 


stil 
prc 


titl 


one 
bet 
fac 
col 
to 
of 
sca 
He 
wer 
Elec 
de 
= 
to 
ane 
ing 
gre 
me 
CES 
un 
en} 
an 
ple 
of 
eal 
wi 
ha 
sel 
les 
co 
me 
sa 
de 


DISCUSSION 


ness. An engine which appeared to be 
better than another on that basis might in 
fact be substantially worse under all. flight 
conditions; but it was difficult to say what 
to suggest as an alternative, especially for 
jet engines. 

Finally, he thanked the author for having 
described him as the ‘‘ Charles Parsons ’”’ 
of the aviation power unit, for one could 
scarcely have paid him a higher compliment. 
He thanked Dr. Ricardo also for his kind 
remarks. 


Mr. N. E. Rowe (Director of Technical 
Development, M.A.P., Fellow): The 
lecturer has used the occasion for a general 
browse over the field of engine design and 
development which has been instructive and 
useful. He has contrived to give a very 
stimulating lecture in which he has been both 
prophetic and challenging. He would like 
to examine the implications of the lecturer’s 
title a little more closely. No one can deny 
that engine development is of vital import- 
ance; it is that process of moulding, improv- 
ing, refining, which is of the essence of pro- 
gress in dealing with such a highly complex 
mechanical device. They had seen the pro- 
cess at work here in war-time in a way 
unexampled probably in any country in the 
world. But what are the directions in which 
engine development has its greatest import- 
ance for all of them in the aircraft field? 

There are many aspects, of which the 
British .urcraft industry has made itself com- 
plete master of at least one, namely, the art 
of squeezing the last vestige of power out of 
each cubic inch of cylinder volume. The 
whole trend of development over many years 
has been in this direction, and it has, indeed, 
served them well in the present war. Doubt- 
less this policy was dictated by military 
considerations. They could, however, have 
concentrated on other aspects of develop- 
ment, for complete _ reliability, 
safety, maintenance, improvement in detail 
design to cut down the weight, and, last but 


instance, 


possibly most important, improvements in 
economy. They have surely now reached the 
stage when these other aspects must receive 
more attention, and he was glad to hear the 
lecturer refer to 1,000 hours between over- 
hauls and specific consumptions as low as 
.38 Ib. per b.h.p./hour as near objectives. 
They could not have such developments 
brought to fruition too soon. Fuel economy 
influences aircraft design in a fundamental 
way for all types, but particularly the long 
range aircraft, where it is quite the most 
important parameter in determining overall 
weight for a given task or specified require- 
ment—the better the fuel economy, the 
smaller the aircraft for a given duty. 

In his view, all their classes tend to be 
getting too big and heavy for their duty; 
improved engine economy is one of the very 
best ways of getting the smallest aircraft for 
a set task. This insistence on economy does 
not exonerate the aircraft designer from his 
part of providing economy in structure and 
cleanness of the aircraft form. Indeed, the 
latter is of the greatest importance with 
turbine jet arrangements because drag, thrust 
and economy are all implicitly related. 
Clearly from now on they must have the 
closest integration in design of the power unit 
and the airframe. There cannot be too close 
a liaison between the engine and aircraft 
designers throughout the course of a new 
design, but especially at the earliest stages 
of the conception of a new project. This is 
a rather novel idea for most of them, but he 
was convinced it is of equal importance to 
that of the development of the power unit 
itself. The power unit from now on will 
enter so intimately into the overall aero- 
dynamic and structural conceptions of the 
design as a whole, that they are likely to fall 
far short of the possible optimum if they do 
not have this very close link-up. 

There are a number of points in the paper 
on which he would like to comment, parti- 
cularly the part materials development has 
played, and must continue to play, in the 


18] 


NT 
nore 
the 
fuel 
Dr. | 
that | 
gas | 
york 
ded. 
t 
vere | 
xity | 
pay | 
the 
eS a 
fuel | 
rust | 
yin | 
tion 
was | 
ant. | 
it a 
very 
had 
ero- 
sion 
ype 
ines on 
up 
10re 
for 
hat, 2 
ver 
ston 
ver- 
ater 
age : 
ned 
wer 
in 
ory 
for 
the 3 
ch, 
ful- 


THE 


development of the power unit. This is 
equally true in the whole field of aircraft 
development, but here the emphasis is on 
fundamental research. They wanted to know 
more about the way in which materials 
obtain their qualities, their structure and how 
to control it, particularly how to control 
such fundamentals as the moduli of elasticity 
and rigidity. 

Maybe a search for better materials will 
help them in their radiator and oil cooler 
problems. He was in entire agreement with 
the lecturer that there was a very great field 
for improvement here, and also for a new 
attack on the radiator problem, or rather the 
problem of cooling the coolant. He would 
like to see new minds and methods brought 
to bear on this, and the more novel the form 
of attack the better. It is a very real 
embarrassment to aircraft designers to be 
called on to accommodate more and more 
in less and less space, and the radiators and 
oil coolers now required to make aircraft fit 
for use in all parts of the world, are one of 
the most serious problems in new projects. 
From this point of view, the direct cooling of 
the air-cooled engine is most attractive. The 
lecturer rather lightly skated over distribution 
as affecting economy, but it most certainly is 
of great importance in relation to cooling, 
and hence economy, because of the drag 
involved in the cooling process. 

They were undoubtedly at the commence- 
ment of another period of rapidly mounting 
cruising speeds in all classes and, hence, 
every effort is needed to keep wings free of 
excrescences, especially at the higher values 
of Mach number. They may, therefore, see 
many more layouts with engines in the body, 


and this form may lend itself particularly’ 


to jet propulsion. He did not think with the 
lecturer that this will necessarily lead to 
heavier wings, since much of the structure 
weight is likely to be decided by consideration 
of stiffness rather than strength at the speeds 
in mind. Moreover, such is the demand on 
physical space that wings of long range air- 
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craft may be filled with fuel to the tips, which 
would of itself give a relief on structure 
weight. He did not agree either with the 
idea of a compressibility wall. He thought 
a more apt analogy may be that of a craggy 
hill rapidly steepening from the current plain 
and more and more rough and boulder strewn 
as the climb progresses, with the top in sight 
but a very difficult path to it. 

The ultimate size of engines is a contro- 
versial topic. In his view, for military 
aircraft of, say, 25 tons and upwards of the 


medium and long range class, the size should | 
be such that they could have no more and | 


no less than four propeller discs or axes of 


propulsion. But such general standards may | 


well be swept aside sooner rather than later 
with the rate of development now foreseen. 


In civil passenger transports for instance, it | 
may be advisable to have layouts with three 


or four engines at much lower aircraft 
weights to ensure the very best standard of 
safety. Much will depend on continuance 
of the propeller for converting rotational 
energy into axial thrust. He thought there 
was still a great future for it since it would 
give flexibility over a wide height and speed 
range with either reciprocating or turbine 
power units. The Mach number of cruising 
flight will probably be the determining para- 
meter and he would expect the propeller to 
persist even up to speeds of say 540 m.p.h. 
at 35,000 ft. in suitable classes. Intensive 
research and development is needed on plan 
forms, profiles, tip flow and_ particularly 
vibration. The latter is a subject on which 
he would like to see very much more attention 
concentrated in this country. It is a field 
for combined operations of the power unit, 
propeller and aircraft designers and engin- 
eers, a complex field which requires hard 
and patient effort but is likely to repay it all. 
They must endeavour to reach the position 
when they are able to design free from 
vibrations, particularly in civil transports. 
The problem tends to become more acute 
with a trend towards lower power loadings 
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and higher wing loadings and hence ‘‘denser’’ 
aircraft. May they not look for a technique 
of model investigations similar to that which 
was so successfully used in the classic work 
on aircraft flutter? He would like to hear 
the comment of aircraft designers on this 
point. 

Before closing, he could not refrain from 
referring again to fuel economy. To obtain 
the optimum designs of aircraft they wanted 
this and they wanted it speedily. The com- 
bination of two-stroke piston engine with 
gas turbine in the form suggested by the 
lecturer sounds particularly attractive. No 
doubt this is a longer term development, but 
they all hoped it will be given the most 
serious attention. 

In the meantime, with turbine engined 
aircraft they would be faced with the demand 
for much more fuel for a given duty because 


ina given weight of aircraft the lower weight 


of the power units is balanced by the weight 
of the additional fuel needed. A most serious 
problem may grow out of this, especially 
from the military point of view. He would 
like to see the greatest possible development 
of suitable fuel supplies within this country; 
could the lecturer give any indication of the 
prospect of this, using perhaps our coal 
resources in a more enlightened way? 


Group-Captain P. W. S. BuLman: (Fel- 
low) : He complimented the lecturer on the 
manner in which the paper had been pre- 
sented; it was reminiscent of the way in which 
most of the important work of the world was 
done, the technical discussions over the 
lunch table or extending far into the night, 
when, with something at one’s elbow, plan- 
ning had seemed so easy and pleasant. Such 
was the atmosphere Air-Commodore Banks 
had created and brought to the meeting and 
in so doing he had avoided the necessity of 
evaluating the hard facts and figures of the 
volume of engineering which had to be 
tackled by designers and engineers before 
these wonderful day dreams took practical 


shape. This thought would, however, give 
encouragement to those who were laying the 
foundations for training the many young 
scientists and engineers who would be so 
essential in implementing these plans for the 
future. 

The volume of work involved could best 
be estimated by an examination of the word 
““ development,’’ which the lecturer had used 
some five or six times in the early part of 
the paper, each time in a different sense or 
perhaps different tense. It ranged from the 
pre-design development of essential com- 
ponents, through the stage of type test and 
flight test and ‘‘ debugging ’’ right through 
to later development of the engine to higher 
powers and efficiency. All these stages were 
necessary, but they should not forget that 
one ounce of development in the early stages 
was worth thousands of pounds in the post 
design or production stages. 

The author had used the word “ unit ’’ 
in the title of his paper and one wondered 
what he had meant thereby. Whilst in the 
main it appeared that he had used it in the 
correct sense, aS meaning the complete 
power plant, one noticed that he had lapsed 
into the old bad habit of considering just 
the engine itself. He had even considered 
the radiator and oil cooler as separate parts, 
although admittedly he had included the 
induction and exhaust systems. There was 
nothing so dangerous as to consider the 
engine alone in the early stages, if in so doing 
one leaves some essential installation or 
operational problem to be solved at a later 
date by other people. 

In a friendly criticism of the author’s 
opinions concerning the jet engine, Group- 
Captain Bulman commented that he had 
evidently joined the fashionable throng of jet 
super-optimists. Group-Captain Bulman did 
not wish in any way to decry the jet engine; 
he thought it might well prove as epoch 
making as the early rotary engine, but it was 
perhaps, at present, as undeveloped. Indeed 
the author had only claimed low weight, 
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smoothness of operation and smaller require- 
ment of lubricating oil as advantages of the 
jet engine and had gone to some length to 
indicate the extent of the complications that 
development would bring in its train. 


Dr. H. Roxpee Cox (Fellow) : He was 
another super-optimist in respect of the gas 
turbine. Most of the points he would have 
liked to have made with regard to it had 
already been made far better by Dr. Ricardo 
and Air-Commodore Whittle. 

However, it was his intention to refer 
briefly to the purpose of the paper as 
expressed in its title, and also to voice his 
regret that the author had not seen fit to 
recite at the meeting, as one had hoped he 
would have done, the excerpt from his 
favourite tragedy which was quoted at the 
beginning of the paper! 

There were in their craft, he continued, 
two great mysteries—research and develop- 
ment. The definition of those terms was 
difficult. On the extreme left of the research 
end of the spectrum of technical progress 
there was the quest for basic truth. At the 
extreme right of the development end of the 
spectrum there was the manifestation’ of 
truth in the form of hardware. But as they 
approached the middle of the spectrum, 
definition became more and more vague, and 
no one really knew where research ended and 
development began. They were in fact 
indivisible, and although in an organisation 
it might be found convenient to have a 
research department and a development 
department, one might well find the research 
department accused of doing development 
and the development department accused of 
doing research. 

Because research had been responsible for 
attractive ideas like splitting the atom and 
bending rays of light, it had achieved a 
considerable dramatic appeal. Development 
qua development did not provide such 
exciting ideas; it was a far more humdrum 
affair. Consequently when, as happened so 
184 
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frequently, it was discovered that some 
British industry was years behind the times, 
there was a cry for more research. But very 
rarely did one hear a plea for more develop. 
ment; he wished it were heard more often. | 

In point of fact, research and development | 
were equally important and were part of one | 
process; and such a paper as that by Air 


Commodore Banks, which placed develop. | 


ment in its true perspective as a major | 
engineering function, did a service which | 
could be acknowledged with gratitude. | 
However many brilliant theories might be | 
developed and however many important facts | 
might be established by research, they would 
be of little use without intensive and | 
systematised development to translate them | 
into the actual service of mankind. 

Air-Commodore Whittle had already dis- 
cussed the author’s views on the fuel con- 


could add was that the current habit of 
considering fuel consumptions in terms of 
Ibs./thrust h.p./hr. or lbs./brake h.p./hr., 
as the case might be, was apt to be mis- 
leading. The gas turbine was a power plant 
for high-speed aircraft, and it must be 
remembered that if aircraft ‘‘A’’ travelled 
twice as fast as aircraft ‘“B,’’ but the power 
plant of aircraft ‘‘A’’ consumed fuel twice as 
quickly as the power plant of aircraft ‘‘B,” 
then ‘‘A’’ and ‘‘B’’ would consume the same 
amount of fuel in a given distance. So that 
it would be very rash indeed to assume that, 
because a power plant had a higher fuel con- 
sumption on the usual hourly basis than 
another, it was necessarily less economical 
when in operation in the air. He believed, 
with Air-Commodore Whittle, that the 
greatest overall economy would be achieved 
with the gas turbine even if it did not achieve 
fuel consumptions on the Ibs./hr. basis as 
low as those of the piston engine; though he 
believed it would do that as well. 

It was interesting to learn that the author 
believed it would never be possible to bury 
engines completely in wings, although he had 
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made exceptions in the case of very large 
aircraft or those having a great multiplicity 
of power units. He might be right. But it 
had not yet been proved whether the lowest 
drag was obtained with a large fuselage and 
highly-loaded thin wings with large protuber- 
ances, or a minimum of fuselage with a 
lightly-loaded wing capable of embracing the 
engines and most of the rest of the load. 
Moreover, it might be possible to install a 
relatively large number of very small gas 
turbine engines across the span, and Dr. 
Roxbee Cox felt that it would be worth 
while for designers to explore the possibilities 
of such a scheme before dismissing it. There 
was always a tendency to believe that pro- 
gress Was associated with more and more 
powerful units; but that was not necessarily 
the case. The real criteria depended on the 
job to be done, and included factors such as 
thrust per unit weight, thrust per unit frontal 
area, and fuel consumption (though not 
necessarily on the hourly basis). 

It was also very interesting to find that 
everyone subscribed faithfully to the doctrine 
that the gas turbine engine and the airframe 
must be designed together and each made to 
suit the best overall design of aircraft. The 
time had come for someone to do it. Air- 
Commodore Whittle had suggested that it 
had in fact been done in one or two cases; 
but Dr. Roxbee Cox did not believe it ever 
had been done. Aircraft designers must 
teally believe that the gas turbine was 
Protean in form and provided the opportunity 
for ideal aerodynamic and structural layouts 
which the rigid geometry of the reciprocating 
engine frequently prohibited. 

So far he did not feel that the aircraft 
designer was being very enterprising in his 
applications of the gas turbine. Too many 
of the layouts were just ordinary aeroplanes 
with invisible propellers. That might be the 
tight formula, but they should try some 
much less conventional ones before deciding 
that that was the way to exploit the gas 
turbine to the full. They would probably 


have some failures, but they might find a 
winner. The time had come, as the Walrus 
and Air-Commodore Banks had said, to talk 
of many things. In fact, the time had come 
to do many things, to throw their technical 
bonnets over the windmill—or over the 
ducted fan. Their development organisations 
must be strengthened so that they could pro- 
duce new prototypes in great variety at great 
speed. Let them go to it. ‘‘ To-morrow to 
fresh woods and pastures new.’’ The oper- 
ative word was ‘‘ To-morrow.”’ 


Mr. 
would 
between 
present 


TRESILLIAN (Associate Fellow): He 
like to consider the comparison 
sleeve and poppet valves. At 
they gave approximately equal 
valving in existing engines. As pointed out 
many years ago by Dr. Ricardo, the maxi- 
mum port area obtainable in sleeve valves 
was fixed by the motion of the valve and 
could not be increased. 

However, there were still possibilities of 
development in poppet valves, and there 
need not be any limitation on piston speed. 

Increased valve area could be provided by 
abandoning the seat insert and using steel 
heads or steel-lined heads, and further by a 
change to the three-valve penthouse arrange- 
ment which favoured inlet valves, usually 
the limitation. At least 25 per cent. more 
valve area could be obtained, and valving 
experiments showed that, other limitations 
apart, piston speed could be_ increased 
roughly in proportion to the inlet valve area 
as a percentage of the piston area. If valve 
gear speed could also be raised, piston speeds 
could be raised by increasing engine r.p.m., 
without increase of stroke. From investi- 
gations of existing four-valve engine valve 
gears it appeared quite possible to increase 
the operating speed from 3,000 to over 4,000 
r.p.m., even retaining the existing valve 
springs, purely by changes in cam and rocker 
kinematics, which were not by any means 
the best on modern engines. 

With regard to the 28-cylinder engine 
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having four cylinders along and _ seven 
around, he said that that arrangement 
involved in each vee an inlet pipe, exhaust 
pipe, inlet cooling air duct and outlet duct 
and ignition cables, since there was an odd 
number of vees. 

The 24-cylinder arrangement of four along 
and six around could be made much simpler, 
since it had an even number of vees. It 
could have three containing only the inlet 
pipes and air outlet ducts, and three con- 
taining only the exhaust pipes and air inlet 
ducts. The cooling duct area would be 
much increased. -A split crankcase could also 
be used, which might therefore be made of 
castings. 

Any engine having a four-throw crank had 
a great advantage if it could use the alter- 
nately opposed or zigzag crank arrangement, 
which gave very low bearing and crankcase 
loads.’ Experience had shown that all aero 
engines having three-throw or six-throw 
cranks had involved a lot of bearing and 
crankcase development owing to the high 
average bearing loads. Crankcase develop- 
ment could be very slow. 

The author was quite right to suggest that 
24 cylinders should be enough for any engine. 
An investigation of power/weight ratio 
against numbers of cylinders on existing 
engines showed that there was no further 
gain in power/weight ratio after about 18 
cylinders. 

Finally, in stressing the enormous import- 
ance of better installation engineering, Mr. 
Tresillian said that airframe failure by direct 
breakage in the air was rare. Engine failure 
directly was not common. Failures of 
installation equipment were much more fre- 
quent, and of engines due to faulty engineer- 
ing of oil systems, fuel, cooling, air intake 
systems or engine controls. With all that 
we had already done, the design technique 
of installations was still far behind that of 
airframes and engines. 

Further, any Air Force that was in the 
growing stage and was trying to accumulate 
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aircraft might find its mission rate controlled 
by its loss rate. Simple arithmetic showed 
that if an Air Force used half its aircraft on 
each mission, went out five times per month 
and lost four per cent. on each mission, then 
the entire combat Air Force and crews must 
be replaced in 10 months. If the losses 
could be cut to two per cent., the same 
number of aircraft could go out 10 times per 
month instead of five times for the same 
replacement rate. 


four per cent. Therefore, the Air Force with 
the least vulnerable installations and power 
plants could operate more frequently. 


Newspaper reports had | 
shown loss figures occasionally higher than | 


Repair time might be another limitation on — 


flying effort, and was much affected by the 
complexity and poor access of power plants. 
Many of the pipes and complications in 
power plants could and should be elimin- 
ated by re-arrangement of engine components 
and accessories. For example, there was no 
real need for more than one fuel pipe and 
one oil pipe in a power plant; the accessories 
could be re-grouped to eliminate the other 
pipes. Engine designers should realise that 
that kind of engineering was a most important 
part of the war effort. 

The performance of an engine on its test 
bed was largely defined by the power curves 
and endurance test. When installed in a 
bomber those were only two of many aspects. 


Others equally important were the mission | 


frequency and mission life of the aircraft. 


Mr. B. A. Duncan (Associate Fellow) : 
They had grown accustomed to comparing 
the reciprocating engine of to-day with the 
gas turbine of to-morrow, and tended to dis- 
count any further development of the former. 

Confining his own remarks to reciprocating 
engines, he suggested that the author’s com- 
ments on the relative merits of sleeve valve 
and poppet valve engines were a little unfair, 
since he was comparing two things which 
were not quite comparable. Poppet valves 
had been developed over 70 years, whereas 
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sleeve valves had been developed over about 
18 years. The sleeve valve engine had 
reached a stage at which it was an entirely 
practicable production proposition; it had 
just reached or was just reaching the crest of 
the first wave, and there were others which it 
had to get over. With big cylinders and a 
good induction system, the sleeve valve 
engine could be run at piston speeds 20 per 
cent. in excess of the 3,250 ft. per minute 
quoted by the author. It was also true that 
poppet valve engines could be run at very 
high speeds; but he believed the sleeve valve 
engine could accommodate the very high 
piston speeds more easily and simply. 

The maintenance comparisons made by 
the author as between the poppet valve and 
sleeve valve engine were presumably based 
on statistics, and therefore one could not 
argue about them. Recently he had read in 
the S.A.E. Journal (for January, 1945) an 
interesting article by Cyril A. Rowe dealing 
with freight and passenger aircraft operation 
in America, and containing an analysis of 
some 800 power plant failures, 300 of which 
were concerned directly with poppet valve 
gear (cam assemblies, and valves broken, 
burned and stuck, etc.). That was a very 
high percentage indeed, and those failures 
would not have occurred if sleeve valve 
engines had been used. The parts of the 
sleeve valve engine were simple and robust, 
and once the engine had been put through 
its development, such troubles would not 
occur. 

Coming to the problem of air versus liquid- 
cooling, Mr. Duncan urged that, given the 
same installed weight, the air-cooled engine 
could have just as good heat capacity factor 
as the liquid-cooled, using well-proportioned 
fins and high-conductivity material where 
necessary. Both must have a fan or exhaust 
ejector cooling in any case. He did not 
believe there was anything to choose between 
them. He agreed that the air-cooled in-line 
engine was clumsy in units of very high 
powers, but for powers up to, say, 1,000 h.p. 


the air-cooled in-line engine could be very 
satisfactory and compact. 

As to the comparison between in-line and 
radial engines, it seemed that the author of 
the paper favoured the in-line, presumably 
because he considered the aim should be to 
have as few cylinders as possible per crank- 
pin. But nine cylinders per bank had been 
used for many years and had proved satis- 
factory. One engine of 11 cylinders per 
bank had been made, or contemplated. 
Surely there was plenty of scope for the two- 
row 18-cylinder radial air-cooled sleeve valve 
engine of up to 63 in. bore, as opposed to the 
6 in. bore which is more nearly the limit for 
the poppet valve engine. It would be diffi- 
cult to beat in the ‘‘ Carter Paterson ’’ type 
of civil aircraft for the next seven or eight 
years. Crediting it with 12 times R.A.C. 
rating, it should give 3,650 h.p. 

The main asset of the piston type engine 
was its low fuel consumption, and he believed 
there should be much more development of 
it towards this end before it gave in to the 
turbine. It was a pity that the Diesel had 
not been developed more; but Dr. Ricardo 
and others had discussed the combination of 
the two-stroke Diesel with the gas turbine. 

Bearing in mind the four-row ‘‘ Pancake ”’ 
Diesel engine made by General Motors, Mr. 
Duncan suggested a layout for a large 
reciprocating engine for use in the long range 
‘Carter Paterson ’’ machines, flying boats 
and over-ocean military reconnaissance 
machines. He had in mind a six-row, 
liquid-cooled, 90°, sleeve valve, two-stroke, 
with single piece crank and slipper rods, in 
conjunction with a gas turbine, as proposed 
by Dr. Ricardo. Such an engine, of 6} in. 
bore, should form the basis of a valuable 
high power unit. 


Mr. F. Owner (Fellow): The discussion 
of the papet was rendered quite difficult by 
the very deep conviction with which he 
shared the author’s views on aero engine 
development and the importance of its 
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timing. Being as fervent an admirer of Lewis 
Carroll as were Air-Commodore Banks and 
Dr. Roxbee Cox, however, he repeated his 
favourite quotation from “‘ Alice through the 
Looking Glass,’’ because it was so peculiarly 
relevant :— 

““ We've been running a long time,’’ 
ventured Alice, doubtfully, ‘‘ and we 
don’t seem to have got much further.’’ 
‘* Of course not!’’ snapped the Red Queen, 
“let me tell you, in this country you have 
to run very fast to stay where you are. 
If you want to get anywhere, you must 
run ever so much faster than that!’’ 

The importance of ‘* timing,’’ which Air- 
Commodore Banks italicised in the paper, 
could hardly be exaggerated, and particularly 
the timing of power unit and aircraft develop- 
ment needed more synchronising than it had 
received in the past. 
units it was necessary that the research and 
development programmes should dovetail 
with the corresponding aircraft work in 
addition to “‘ tailoring ’’ the turbine itself to 
suit its aircraft. In particular, the use of 
turbines would open the way to many novel 
possibilities in controlling or modifying the 


In the case of turbine 


airflow over the aircraft surfaces, and that 
investigation must necessarily be a_ joint 
affair. 

In reviewing the importance of develop 
ment work, he asked for the author’s opinions 
on two questions of policy. 
the application of the old 
“‘ divide and conquer.’’ Was it not 
important now than ever to develop each 
separate section of any proposed new power 


The first was 
Roman _ idea 


more 


plant separately, with its own appropriate 
test plant, thus limiting and controlling the 
number of independent variables? 
Secondly, inasmuch as development nearly 
always tended towards increased compli- 
cation, he entered a plea for simplicity 
wherever it could be achieved. Very often, 
he said, the amount of complication of a 
design varied inversely with the amount of 
design thought put into it. The general 
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trend of increased complication would no 
doubt apply to the gas turbine as to most 
things hitherto, but it was to be hoped that 
only those unavoidable complications which 
earned their keep would be added to what 
was an inherently simple type of power 
plant. 

As an example, he said the complication 
of the exhaust turbo might have to be 
incurred in order to utilise energy otherwise 
wasted in the reciprocating engine’s exhaust. 
If, however, that energy had to be returned 
direct to the crankshaft instead of the super- 
charger, the inherent inflexibility of such an 
arrangement might drive us perforce to the 
additional complication of multi- or infinitely- 
variable speed gearing. 

Finally, he asked if the author would agree 
that we were only vet at the outset of fuel 
investigation for gas turbines. Fuel develop- 
ment for reciprocating engines had been very 
largely directed to the factor of detonation, 
which was not an issue at all in the turbine. 
Attention could, therefore, be directed to 
safety, low vapour pressure and high calorific 
value, which were primary qualities. The 
importance of a safe and cheap fuel to the 
future of aviation needed no underlining, and 
he would value the author’s opinion on the 
rate of progress which the development work 
on gas turbine fuels might reasonably be 
expected to produce. 


Mr. A. R. Ocston : He was impressed by 
the author’s conviction that all the piston 
engines really were going to be superseded 
within the next decade. Incidentally, that 
innovation also meant that millions of pounds 
worth of oil refinery equipment for manu- 
facturing high-octane aviation fuel would 
likewise become redundant, although it was 
true that that equipment could be diverted to 
the production of higher-grade petrols for 
motor cars, where, owing to its greater flexi- 
bility, the piston engine would remain 
supreme for many years. Nevertheless, as 


the author had indicated, they would still 
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witness appreciable further developments in 
the reciprocating aero engine, and Mr. Ogston 
suggested that the use of still higher grade 
fuels offered the piston engine the best 
prospect for competing with the gas turbine. 

Perhaps the author had rather 
pessimistic in doubting whether the super- 
high-octane fuels, to which he had referred, 
could be made available for a long time to 
come. Mr, Ogston believed that if they 
were required they could be made available 
just as soon as the European and Japanese 
conflicts had ended, in view of the very con- 
siderable shrinkage in the total demand for 
aviation fuel which would then occur. 

He was interested to hear the author’s 
opinion that there was unlikely to be any 
real gain in increasing compression ratios 
above 7:1. If that were so, it rather sug- 
gested that at least the 130/160 grade fuel 
might not be necessary. It would be useful 
to know his views on what was likely to be 


been 


the grade of fuel necessary for the type of 
engine envisaged with 7:1 compression 
ratio. 


Again, he was a little surprised by the low 
figure of 35-40 per cent. which the author 
seemed to imply was an optimum cruising 
power for engines developed to give high 
take-off power. His previous impression 
was that an optimum ratio of cruising to 
take-off power for the average transport air- 
caft was at least 50 per cent.; in fact, he 
had seen recent analyses which indicated 
that revenue-earning capacity was improved 
by operating at comparatively high cruising 
seeds which might necessitate using up to 
65 per cent. power, even though that appre- 
tiably lowered the air miles per gallon and 
reduced engine overhaul periods. If engines 
were developed to give high take-off power, 
should not the development also permit high 
ctuising power? It seemed to him that if 
engines were capable of sustained cruising at 
0 or 60 per cent. or so of their maximum 
output—as he suggested they should be— 
cruising at only 35-40 per cent. was tanta- 


mount to carrying a load of excess engine 
weight which, after all, did not pay any fare 
to the air line. ; 

Discussing safety fuels, he pointed out 
that the hazard in regard to increased range 
of explosive fuel/air mixtures in the tanks 
of military aircraft with a fuel of low 
volatility was eliminated by the use of inert 
gas in the vapour space of the tanks, which 
he imagined should be a pre-requisite of all 
future military designs. In addition to pre- 
venting loss due to evaporation in flight, 
safety fuel would also eliminate completely 
the bugbear of fuel vapour locking at high 
altitudes or during rapid climb in very 
warm weather and other difficult conditions. 
He had been convinced for many years of 
the possibilities of safety fuel for reducing 
the fire hazard in large passenger-carrying 
aircraft. After all, one could not imagine 
the Board of Trade and Lloyds acquiescing 
in the use of petrol instead of heavy fuel oil 
for the ‘‘ Queen Mary’’ or any other 
passenger liners. And, in order to dispel any 
rumours to the contrary, he said that high- 
octane safety fuels for piston engines could 
be made available in adequate quantities 
when they were required, although they 
would probably cost more than aviation 
petrol, at least until the demand assumed 
similar proportions. 

In regard to fuels for gas turbines, he 
agreed fully with the author that ‘‘ any old 
fuel ’’ would not necessarily do. There had 
been rather too much tendency to assume 
that that was so, whereas in point of fact 
our present knowledge and experience of the 
fuel requirements of the gas turbine probably 
corresponded to that which existed in 1912, 
when the engine designers were satisfied 
that the only property of petrol that mattered 
was its specific gravity. In spite of the 
extensive use of oil-fired boilers for upwards 
of 30 years, we had still a great deal to learn 
about the combustion of oil and the best 
technique for achieving maximum efficiency. 

Recalling the author’s hint that the poppet 
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valve engine might be superior to the sleeve 
valve type in regard to ring gumming 
tendencies, he said he believed that with the 
use of so-called detergent type lubricating 
oil for sleeve valve engines, their ring gum- 
ming performance had become at least as 
good as that of poppet valve types using 
normal oil. 

Finally, Mr. Ogston submitted that fuel 
was one of the most important single factors 
affecting the development of both piston 
engines and gas turbines. Only within the 
past few years had the engine builders recog- 
nised the value of taking the fuel suppliers 
completely into their confidence; he sug- 
gested that it would be equally in the 
interests of air transport operators to display 
similar collaboration, since it was only by 
complete interchange of information in 
respect to the effect of engine performance 
on operating costs that the most efficient 
compromises could be reached on the issue of 
the quality of the fuel required versus its 
cost per gallon. 


Dr. S. G. Hooxer : Air-Commodore Banks 
is in a unique position to discuss present day 
power plants and the trend of future power 
unit development. Apart from the fact that 
he now occupies the onerous position of 
Director of Engine Development at the 
Ministry of Aircraft Production, he has been 
‘““ persona grata ’’’ at all the important air- 
craft engine firms in the world for many 
years prior to the war. He has thus had 
intimate contact with all shades of engineer- 
ing opinion in this particular field. 

The gas turbine undoubtedly possesses 
great advantages in the field of high speed 
flight, and the reasons for these are not hard 
to find. As a rough numerical example, let 
them consider a fighter aircraft which with 
a 1,000 h.p. engine has a sea-level speed of 
300 m.p.h. Taking an airscrew efficiency of 
80 per cent., they saw that the thrust on the 
aircraft at this speed from the 1,000 h.p. 
engine and propeller combination is 1,000 Ibs. 
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To double the speed of this machine at sea- 
level would require rather more than eight 
times the horse-power, in fact, considerably 
more than eight times the horse-power, due 
to the falling propeller efficiency at high 
Mach numbers. 

On the other hand, the thrust required to 
doubie the speed of the aeroplane is only 
four times as great, and consequently to 
attain 600 m.p.h. on this machine they 
would require an engine propeller combin- 
ation greater than 8,000 h.p. against a jet 
engine of roughly 4,000 lbs. thrust. Now, 
the weight of a piston engine per b.h.p. 
remails approximately constant as_ they 
increased the size. It may, in fact, tend to 
rise when the total installed weight is con- 
sidered, so that inevitably the 8,000 h.p. 
engine will weigh at least eight times that of 
the 1,000 h.p. On the other hand, the 
weight of a jet engine per lb. of thrust tends 
to remain constant, and consequently the 
4,000 lbs. thrust engine will only weigh four 
times that of the 1,000 lbs. thrust engine and 
may in fact be considerably less. 

The great advantage of the jet propulsion 
gas turbine in the field of high speeds and 
high power is therefore obvious, and is in 
fact due to the property that the thrust h.p. 
of a jet engine is proportional to the forward 
speed. However, when coming to the 
turbine propeller combinations this latter 
advantage disappears since the power applied 
to the propeller obeys the same laws as that 
of the piston engine. With these combin- 
ations, therefore, they are thrown back on 
to the inherent advantages of the turbine, in 
their capacity for producing large powers for 
small bulk due to the fact that their oper- 
ation is continuous rather than intermittent. 

Air-Commodore Banks mentioned that gas 
turbines could not yet function with air fuel 
ratios equal to those of the piston engine, 
and he would like to add that the piston 
engine is only capable of utilising a 15 : 1 air 
fuel ratio because of its cyclical action. He 
thought that if account is taken of the air 
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necessary to cool the reciprocating engine its 
gross air fuel ratio would not be very 
different from that of a gas turbine, which is 
in fact self-cooled. 

Turning now to the problem of fuel con- 
sumption, although it is true that the thermal 
efficiency of the jet propulsion engine does 
improve with altitude due to the fall in intake 
air temperature, yet the main reason why a 
jet propulsion engine becomes reasonably 
economical at high altitudes and high speeds 
is due to the fact that the aircraft requires 
less power to drive it at a given speed at 
higher altitudes due to the lower air density. 
For example, with jet propulsion engines the 
air miles per gallon will be multiplied by 
roughly 3.0 times between sea-level and 
40,000 ft. and of this increase only approxi- 
mately 20 per cent. is due to the improve- 
ment in thermal efficiency of the engine. 


The gas turbine has cne other advantage 
which helps it to excel at high altitudes, 
namely, its ability to cruise at powers very 
close to its maximum output. This feature 
arises from two main reasons :— 


(1) The fact that the combustion temper- 
ature is reduced under cruising con- 
ditions, and 


The fact that the main stresses in the 
engine components are definite and 
calculable, and there are no loads corres- 
ponding to the oscillatory forces in a 
reciprocating engine. 


— 
to 


The reduction of gas temperature under 
cruising conditions is of prime importance, 
because in order to obtain useful gas turbine 
engines it is necessary to operate them under 
maximum power conditions with the absolute 
maximum temperature which the 
materials will allow. It is a property of high 
temperature materials that their strength 
improves rapidly with a relatively small 
reduction in temperature, and consequently 
cruising and maximum conditions can be set 
very close to one another. 

As for the future of gas turbines, it is clear 


also that one of the fundamental reasons for 
the very high fuel consumption at the 
moment is the comparatively low compression 
ratio at which they operate. More complex 
arrangements of staged compressors and 
turbines can be visualised, and with such 
arrangements operating compression ratio can 
be materially increased with a corresponding 
saving in fuel. As this state of affairs comes 
about, as come it must, one of the principal 
advantages of the present jet engine will be 
impaired, namely, its simplicity, although 
fortunately they have a long way to go 
before the complexity of a modern piston 
engine is equalled. D.V. 

In the development of a modern piston 
engine one begins by attacking the larger 
problems. As the air becomes clearer, the 
multitude of small and yet vital problems 
which remain in any aircraft power plant 
become evident. Even after many years of 
development the sensation is that the engine 
is gaining on one! It may be a fool’s 
paradise, but the opposite is the case with 
the gas turbine. There appear to be a few 
hard and difficult fundamental problems, but 
once these have been scotched progress is 
smooth and rapid. 

Just as there has always been a place for 
liquid- and air-cooled piston engines, so he 
felt that the two types of turbine engine, 
namely, axial and centrifugal compressor 
types will continue for some time to come. 
Whereas the axial compressor offers greater 
compressor efficiencies, yet one must not 
forget the long start that the centrifugal com- 
pressor has from the mechanical point of 
view. The latter has a great advantage in 
simplicity and ruggedness of construction, 
and its performance is improving rapidly 
even though many people would regard it as 
dead. 

Turning to the question of fuels, although 
one can see little use for anti-detonation 
additives at the present M.E.P.s of turbine 
engines, yet there is no reason for the fuel 
technologist to consider himself out of a job. 
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As the Air-Commodore has stated, greater 
calorific values per gallon are required and 
the field of combustion accelerators should be 
explored, with a view to shortening the flame 
length. 


Lieut. S. T. Rosinson, U.S.N.: It is a 
rare treat to have a paper containing so much 
factual information and so many opinions 
read by a person as well informed on the 
subject as the speaker of the evening. 

The turbine engine makes a most attractive 
aircraft power plant due to its simplicity, 
smooth torque characteristics, low weight and 
relatively small size, but it suffers from one 
fault in that it is, for all practical purposes, 
a full throttle engine, or in terms of recipro- 
cating engine performance there is little 
spread between cruising and rated powers. 
However, in the development of the com- 
bination he believed that advantage can be 
taken of the smooth torque characteristics of 
this type engine to give them the performance 
spread desired and perhaps open a new 
approach to the propeller design problem. 

In reciprocating engine propeller appli- 
cations they normally obtain about 3.5 lbs. 
static thrust per horse-power for use in the 
initial take-off run. This is at a propeller 
tip speed of about 1,000 feet/second. If the 
propeller tip speed could be increased by 
about 200 feet/second they would get a 
static thrust increase of about 2 Ibs. per 
horse-power. Propeller structural limitations 
prevent them from doing this in a recipro- 
cating engine installation, which is not the 
case with the turbine engine and it should 
be possible to overspeed the propeller in the 
manner mentioned for take-off. 

In application this would mean that there 
would be a spread from 100 to 150 per cent. 
equivalent power between rated and take-off 
with the turbine engine as compared with the 
100 to 115 per cent. spread normally obtain- 
able with the reciprocating type. While it 
is unlikely that the turbine engine would 
have a lower specific consumption at cruising 
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speeds there should not be the same relative 
disparity in miles per gallon of fuel due to 
aerodynamic improvements made possible by 
the smaller size and lower weight of the unit. 

At the moment it looks as if in order to 
obtain a propeller speed at take-off adequate 
to attain the values of static thrust mentioned, 
it will be necessary to use a_ two-speed 
reduction gear. While this is departing 
somewhat from the inherent simplicity of the 
turbine engine, it does not seem to be too 
great a price to pay for the performance 
advantages obtainable. 

Quite apart from this problem of appli- 
cation, he believed that advantage can be 
taken of the smooth torque characteristics of 
the turbine engine in both aerodynamic and 
structural design of propeller blades. Aero- 
dynamically, they should be able to use 
thinner blade sections that might be more 
efficient at high Mach numbers and structur- 
ally we should be able to build lighter 
blading. About ten to twenty per cent. of 
the weight of our present propeller blades can 
be attributed to the necessity of taking care 
of unknown fatigue stresses. While the 
aerodynamic exciting forces will be present 
with either installation, there will be none 
from uneven torque impulses in the turbine 
engine. He also believed that some thought 
can be profitably spent on the joint between 
the engine and propeller, particularly if the 
speaker’s recommendations regarding future 
propeller designs are followed. 

In summary, the turbine engine makes 
possible a new approach to the propeller 
design and application problem and while the 
practicability of the weight savings mentioned 
must be demonstrated by vibration surveys 
and experience, the design possibilities are so 
much broader that an approach to the pro- 
blem from a non-traditional point of view 
should result in lighter and more efficient 
propellers. 


Lead Distribution 


Mr. E. L. Bass (Fellow) (Communi- 
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cated) : Air-Commodore Banks has referred 
to the work on lead distribution. This work 
has given a fairly complete explanation of 
excessive spark plug fouling difficulties on 
certain engines, and has emphasised the fact 
that the origin of these difficulties is not so 
much the mal-distribution of lead as the 
differential distribution of lead and its associ- 
ated ethylene dibromide. This has been 
shown by some plug fouling tests which have 
indicated that, if a cylinder receives twice the 
normal amount of lead, but with the appro- 
priated 1 T-mix of ethylene dibromide, then 
the rate of lead deposition is increased by 
50 per cent. If, on the other hand, a 
cylinder, in addition to receiving twice the 
normal amount of lead, receives a } T-mix 
(which is what actually happens in practice), 
then the rate of lead deposition is increased 
by 270 per cent. 

It is now also clear that these lead distri- 
bution troubles are due to a small fraction 
of unvaporised ‘‘ heavy ends ”’ of the fuel in 
which an undue proportion of tetra-ethyl- 
lead is concentrated. Thus, manifold 
‘“ drainings ’’ show a T.E.L. concentration 
between 50 and 90 c.c./gal. The ethylene 
dibromide was, however, present in normal 
quantities, Which implies a T-mix (ratio of 
ethylene dibromide to tetra-ethyl-lead) in 
these ‘‘ drainings ’’ of the order of 0.1, i.e., 
a tenth of what it should be. It is no wonder 
that cylinders receiving these “‘ drainings ”’ 
give trouble! 

An incidental point of interest is that they 
now knew why previous attempts at carrying 
out spark plug fouling tests on single-cylinder 
units were to a large extent unsuccessful, 
because the lead or T-mix used did not 
correspond to that actually received by 
certain cylinders on main engines. By doing 
this it has been shown that rapid spark plug 
fouling can be reproduced in the laboratory. 

It can also be stated that, in addition to 
lead mal-distribution being an explanation 
of spark plug fouling troubles, it is also 
Tresponsible to a considerable extent for 


exhaust valve troubles. Thus cylinders 
receiving an excess of lead and a deficiency 
of ethylene dibromide will give rise to large 
quantities of lead oxide which will attack 
exhaust valves in a relatively short time. 

From the standpoint of engine design, 
there is no doubt that, if it were possible to 
obviate low manifold temperatures, there 
would be considerable improvement. When 
the manifold temperature falls appreciably 
below 40°C., there is a very rapid deterior- 
ation in lead distribution, and it might be 
suggested that future designs of engine should 
incorporate methods of avoiding mixture 
temperatures below this value. 

The penalty for higher mixture temper- 
atures is, of course, some loss in cruising 
height at full throttle due to the reduced 
volumetric efficiency. The alternative solu- 
tion to the distribution problem suggested by 
the author, fuel injection, does seem the more 
logical and correct one. 


Safety Fuels 

Our most recent experiments with injection 
engines and safety fuels certainly lead them 
to agree with the author’s remark that ‘‘a 
good deal of work still remains to be done 
to evaluate the future possible use of fuels 
of this type.”’ 

In view of the difficulties experienced in 
distributing a volatile fuel, such as petrol, 
when using a carburettor, it is fairly obvious 
that with a “‘ safety ’’ type of fuel a different 
form of carburation is imperative, i.e., 
separate injection to each cylinder. Here, 
one might anticipate another kind of diffi- 
culty: safety fuels, being of low volatility, 
it is perhaps expecting too much to inject 
such a fuel at the very last moment, giving 
very little time for evaporation and admixture 
with the air. 

This point has been demonstrated by 
experiments they had conducted in German 
direct injection engines (designed for aviation 
gasoline) which have shown appreciable loss 
of performance going from normal volatility 
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aviation gasoline to safety fuel. On one 
engine the change to safety fuel involved an 
increase of 12 per cent. in specific fuel con- 
sumption. 

Their experiments have also shown that if 
a safety fuel is injected prior to the inlet 
valve, the fuel/air mixture is made more 
homogeneous by its passage through the inlet 
port; there is then little difference in the 
specific fuel consumption, on a weight basis, 
between a normal petrol and a safety fuel. 
Whatever difference may exist tends to dis- 
appear with increasing boost air temperature, 
i.e., under more favourable vaporising con- 
ditions. 

There is undoubtedly a considerable field 
here for research and development. In 
many respects the problem is similar to that 
of the high speed compression ignition 
engine, viz., to find the best cylinder design, 
timing and positioning of the fuel injection, 
correct relation of atomisation and pene- 
tration of the fuel jet and the degree and 
type of turbulence required in the cylinder. 
In addition, the best inlet and exhaust valve 
timing will have to be determined; already 
our own experiments have indicated the 
profound effect of this upon the mixture 
response curve and consumption character- 
istics of the engine. 

An incidental advantage of direct injection, 
which is the control over internal cooling it 
provides, has been demonstrated in our 
experiments at Thornton on German single- 
cylinder units. On one unit, piston crown 
temperatures were kept down by the fuel 
spray, and on another, the spark plugs were 
similarly cooled. The amount of spark plug 
cooling obtained by this means was shown 
by the violent pre-ignition which occurred 
when changing from fuel injection to normal 
carburation without change in load. 

One advantage of safety fuel worth remem- 
bering is that, due to its higher specific 
gravity, its calorific value is about 5 per cent. 
greater on a volumetric basis than aviation 
gasoline. 
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Also, with injection engines it is reasonable 
to expect some improvement in smoothness 
of running on account of the more even 
impulses from cylinder to cylinder. 

It is’ extremely difficult to assess the 
relative crash fire hazard of aviation gasoline 
and safety fuel; certainly the latter could 
never justify its name, but by virtue of its 
lower vapour pressure it may well provide 
just that little extra degree of safety which 
would save lives. Thus its use as a fuel, 
particularly for civil aviation, demands 
investigation so that the amount (if any) of 
the penalty in performance which might have 
to be paid by its use can be measured. 

On the broader aspect of turbines v. piston 
engines, one gathers quite clearly from the 
paper that unless the piston engine can pro- 
vide some further advantage in specific fuel 
consumption its days are very definitely 
numbered. The author has laid stress on 
the need to attack the problem in the piston 
engine by utilisation of the exhaust gas 
energy. 

Realising the temperature limitation im- 
posed by the turbine blades, the combination 
of piston engine and turbine is thermo- 
dynamically attractive. Nevertheless, it is 
believed that the exhaust gas temperatures 
of the conventional four-stroke engine are 
still outside the practical range of gas tur- 
bines. The two-stroke engine, as the author 
suggests, then becomes interesting since the 
use of excess air for scavenging no longer 
involves a total loss of energy and provides 
a valuable control over exhaust gas temper- 
ature. For the same reason the compression 
ignition engine could be used. 

It would be of the greatest interest to have 
the author’s views as to whether the com- 
promise piston/turbine engine with its com- 
plications but low fuel consumption justifies 
expensive development as an interim power 
unit. 

There is, in his opinion, one slight omission 
in the paper in connection with the advan- 
tages offered by the turbine in relation to the 
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piston engine, and that is that the turbine 
should not depend for its future development 
on the production of better and more expen- 
sive fuels. If anything, the reverse is the 
case and in this connection the suggestion 
given in the paper that additives for turbine 
fuels might be used is to be deplored. 


Mr. J. J. Parkes (Communicated): Air- 
Commodore Banks raises the interesting 
question of the degree of noise which may 
be expected when the combination of 
propeller and gas turbine is available for use 
in aircraft of the future. 

It may not be generally appreciated that, 
for this reason alone, propeller designers 
have deliberately selected a lower cruising 
helical tip speed than could be accommodated 
on purely aerodynamic grounds. 

In the organisation with which the writer 
is connected, experience has shown that a 
helical tip speed of 850 ft./sec. has given an 
acceptable noise level for passenger appli- 
cations, and every endeavour has been made 
to avoid exceeding this figure. With military 
aircraft it has been assumed that the same 
degree of comfort for the crew could not 
always be readily obtained and more licence 
has, therefore, been taken. 

In comparing the piston engine propeller 
combination with the gas turbine propeller 
arrangement, it should be widely known that, 
in the former, a reduction of something like 
40 per cent. on take-off r.p.m. can be 
obtained with good cruising efficiency; 
whereas, in the alternative system, this 
figure will probably be only 5-10 per cent. 
Piston engines have been developed to give 
high take-off r.p.m. at reduced m.e.p. and 
to cruise at a low r.p.m. and high m.e.p. in 
order to get the best of both worlds. In 
other words, the high take-off r.p.m. has not 
been developed only with the idea of power 
output, but in order to obtain high thrust 
figures at low blade angles. 

As Air-Commodore Banks says, the pro- 
peller turbine combination may be noisier 
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because this degree of flexibility will not be 
available and the cruising condition cannot 
be remedied by a revision of gear ratio due 
to the impossibility of obtaining a satisfactory 
take-off condition, which is the very place 
where the propeller part of the combination 
is expected to provide one of its biggest con- 
tributions. 

Dealing with the entire question of passen- 
ger noise, it is felt that this subject presents 
a field in which there is scope for a very 
considerable amount of valuable research— 
for example, it is known that the division 
between an impression of noise or annoyance 
detected by the organs of hearing is not very 
clearly separated from sensory impressions 
received as vibration by portions of the body 
in contact with the seat and floor of the 
aircraft. 

The introduction of shock-absorbing 
material to the floor, and well insulated 
seating will actually convey an impression of 
noise reduction and for passenger aircraft 
it is suggested that some specialised work in 
this direction would be of considerable value. 
Furthermore, the whole question of noise 
should be the subject of careful analysis and 
overall noise measurement is not a suitable 
comparison or index. It is desirable, in 
reviewing a given noise level, to consider its 
frequency composition. A predominance in 
the lower frequency spectrum is generally 
found to be more fatiguing, whilst marked 
attenuation in the higher frequency spectrum 
is usually easier of achievement. 

In comparing piston engines and gas tur- 
bines, it is of interest to note that the 
vibration frequencies principally encountered 
in the former fall generally at the lower end 
of and below the audio-range, whilst experi- 
ence has already shown that the gas turbine 
produces vibration of a supersonic frequency. 

From the foregoing, it can be concluded 
that investigation of vibration damping and 
noise reduction, and the impression of fatigue 
and annoyance produced by both, must 
extend from sub to supersonic frequencies. 
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A great deal of useful work has been done 
on noise reduction in test houses, and now is 
the time for the subject to be tackled on a 
scientific basis in the aircraft itself. 


Mr. A. V. CLeaver (Communicated): The 
lecturer’s views on requirements for future 
propellers will meet with little disagreement; 
in particular, the independence of the pro- 
peller pitch change mechanism from the 
engine is most desirable. To some it may 
seem that the converse should be true, and 
the propeller and engine should be designed 
as a complete unit, having much of the pitch 
change mechanism built into the engine nose. 
This might be the ideal theoretical solution, 
but in practice, with separate firms producing 
engine and propeller, a trend towards com- 
plete independence is more logical, with each 
organisation responsible for satisfying its own 
requirements without embarrassment to the 
other. 

It was surprising to find so little reference 
in this paper to the large possibilities offered 
by braking propellers, for landing, as air 
brakes, and for ground or water manceuvring. 
In some cases its ability to provide these 
features may be one of the biggest advantages 
the propeller can offer against the pure jet 
or the ducted fan. 

Air-Commodore Banks’ statement (during 
the discussion) that propeller propulsive 
efficiencies of 70 per cent. should be attain- 
able at top speeds of 500 m.p.h. is entirely 
reasonable, but it might be disputed that this 
is not “‘ a serious drop in their efficiency.” 
Certainly, by 550 m.p.h. it seems very 
doubtful whether the propeller should be 
regarded as a legitimate competitor of the 
jet, which shows so many other advantages 
of lightness, simplicity, and compactness of 
installation, all tending to favour its intro- 
duction before that might be expected from 
considerations of efficiency alone. 

Perhaps the small diameter ducted fan 
may be the ultimate compromise answer for 
this top speed régime for longer range air- 
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craft. It sets out to attain the best of both 
worlds, but it seems possible that it may do 
exactly the opposite, and fail, if it is regarded 
as an ancillary rather than as an integral part 
of the unit, by having the disadvantages 
rather than otherwise of both propeller and 
jet. However, jet unit layouts will probably 
develop in which the initial low pressure 
compressor stages are indistinguishable from 
a fan thrust augmenter. 

Few will dispute that the simple jet is the 
answer for the Spitfires and Mosquitoes of 
the post-war generation of aircraft. Equally, 
at any rate, the first purely post-war gener- 
ation of heavy bombers and airliners should 
surely turbine driven _ propellers. 
Whether this condition endures, or the jet 
eventually takes over this field also, is 
almost entirely in the hands of the aircraft 
designer. It is a question of operating con- 
ditions and aircraft characteristics under his 
rather than the plant 
designer's. 

Many speakers in the discussion stressed 
the need for greater enterprise and originality 
in aircraft layout and design generally. This 
seems justified in view of the stereotyped 
character of aircraft design for the last ten 
years. Perhaps the large blower of the jet 
or propeller turbine unit may encourage the 
study of boundary layer control possibilities 
of higher maximum lift coefficients and con- 
sequent higher loadings, and of reduced low 
and high speed drags. 

In any case the turbine propeller combin- 
ation has many interesting possibilities, and 
it seems almost certain that, even looking 
very far ahead, there will always be a class 
of slower aircraft employing this power plant 
type. Turbine propellers should be appre- 
ciably lighter than those for piston engines 
of similar power, due to reduced vibration 
excitation. Detail design problems of 
governing, etc., will be introduced, and 
there will be a particularly good case for two- 
speed reduction gears to make efficient use 
of the high take-off power of the turbine at 


use 


contro] power 


a 

Be 
§ 

] 
| 
3 

| 

é 

( 

( 
| 

| 
Me 

|_| 


NT 


both 
do 
irded 
| part 
tages 
and 
ably 
ssure 
from 


s the 
ally, 
oner- 
ould 
lers, 
> jet 


DISCUSSION 


sea-level, relative to its cruising power at 
altitude. The case is accentuated by the 
very small percentage change in r.p.m. 
rating of the turbine between cruising and 
take-off. This, as the lecturer implies, will 
lead to noise difficulties with a single com- 
promise gear, but a two-speed gear would 
help in this question also. 

The very high thrust possible with a two- 
speed gear on a turbine propeller of high 
take-off power should encourage the use of 
aircraft of higher loadings cruising nearer to 
maximum L/D conditions, at higher power 
outputs, with consequent benefit to the 
turbine specific fuel consumption. The 
unassisted take-off run should still be accept- 
able, and the landing run would also be with 
braking propellers. 


Mr. P. G. Lucas (Associate Fellow) 
(Communicated): He would like to lay 
emphasis on the importance of flight testing 
during the development life of a power unit. 

During his fairly comprehensive experi- 
ence on the development of fighter aircraft, 
he would say without hesitation that 75 per 
cent. of all prototype flying is taken up with 
the development of the power unit and its 
installation, with the result that the flight 
development of the airframe is often held up 
pending the over-riding necessity of obtain- 
ing a reliable power unit first. 

Even with the orthodox engine, ground 
tests have been proved to be inadequate in 
representing flight conditions, for apart from 
normal installation problems, such things 
as carburation, supercharging, distribution, 
ignition and oil circulation can seriously 
influence the mechanical reliability and 
functioning of the power unit. With the 
greater speed and altitude possibilities of 
turbines it will be even more difficult to 
represent flight conditions on the test bed. 

As the lecturer points out, the tendency 
is for turbine power units to be tailored into 
the airframe, and this will become of greater 
importance as speeds increase. Flight 


development, therefore, will not only become 
even more necessary than before, but in the 
case of prototypes, more the obligation of 
the airframe manufacturer. 

The whole project calls for a greater 
number of prototypes so that separate pro- 
blems can be tackled in a logical way without 
upsetting the development programme of all 
the others, also for very much stronger 
technical teams of trained power installation 
engineers. 

In his opinion it is the lack of these 
trained men, the lack of appreciation of the 
importance of flight testing, and the lack of 
facilities for tackling obscure and urgent 
problems which have been responsible for the 
appalling list of troubles shown up during 
the initial stages of testing prototypes, and 
the length of time taken in solving them. 


Mr. D. R. Posyoy (Communicated): 
Several speakers emphasised the importance 
of fuel consumption in terms of brake horse- 
power. But such figures by themselves 
applied to an aircraft engine have but little 
meaning. The important criterion is the 
relation between the net push given to the 
aircraft (i.e., the thrust horse-power after 
deducting external and cooling drags, pro- 
peller losses, etc.) divided by the total 
weight of the power unit including the fuel, 
oil and tanks. The resulting figure of merit 
should be assessed for the three régimes of 
take-off, all-out level and cruising at rated 
altitude. 

By this simple criterion, the relative merits 
of the various systems of propulsion and 
power generation may be determined and 
fields of application chosen to suit. 

Alternatives may appear. For instance, an 
aircraft could have an extravagant light 
engine, or an economical heavy one. An 
extreme example is the V.1 flying bomb—all 
fuel and (almost) no engine. The addition 
of a normal piston engine and propeller to 
this machine would save {ths of the fuel, but 
the weight of the additional plant would just 
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counterbalance the saving, leaving the figure 
of merit the same. 

For commercial aircraft the cost of the 
equipment and of its operation and main- 
tenance must be considered. These are, 
however, of secondary importance because 
they affect the costs of the power plant only 
while the weight of the latter, by affecting 
the pay load, influences the total operational 
costs of the aircraft. 

Other considerations are :— 

Jet propulsive efficiency increases with 
speed, while that of the propeller falls off. 

As the altitude increases, the lower air 
temperatures permit a turbine engine to work 
at increasing temperature ranges resulting in 
improved thermal efficiency. That of piston 
engines does not so increase unless they are 
compounded with exhaust turbines. 

Phenomenally low brake fuel consumption 
could certainly be obtained at, say, 20,000 
ft. from the heavily supercharged two-stroke 
Diesel engine /turbine combination mentioned 
by several speakers. But whether its extra 
weight will be justified by its fuel economy 
depends upon the range of the aircraft, or 
rather its duration. Lindbergh took 42 hours 
to fly from St. Louis to Paris, and his fuel 
consumption was of extreme importance. 
If, as seems likely, flights in the future may 
be limited to eight hours, fuel economy may 
prove less important than saving in powel 
plant weight. I should like the author’s 
views on normal maximum flight periods for 
commercial aircraft in the future. 

A further aspect is the scale effect. Little 
reciprocators are easy to make, large ones 
are progressively difficult. On the other 
hand, if they ask a turbine man to make a 
10 h.p. unit he would shrink from the diffi- 
culties, weight and complication; while for a 
100,000 h.p. unit he would just reach for a 
reference book and read out the general 
dimensions. 

Moreover, turbine engines are inferior to 
piston engines from two aspects usually 
glossed over: excessive fuel consumption at 
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part load and loss of power at high atmos. | 

pheric temperatures. The piston engine is 

usually set to be extravagant during take-off, 
but to be economical when it matters, that _ 
is, while cruising. Unfortunately it is not — 
easy to arrange this with turbine engines 
without additional complications. 

He noticed that the author states that the 
simple jet engine is about 4rd the weight of 
the piston engine, power for power. All-out 
level power, not take-off power, is meant he 
supposed, otherwise the proportions should 
be reversed. And take-off must be coped 
with. 

The air consumptions of piston engines and 
propeller /turbine engines are broadly similar, 
except that only about 15 per cent. actually 
goes through the piston engine, the remainder | 
being used for external cooling: while the 
whole of the air goes’ through the turbine 
engine. The residual pressure and velocity | 
of the vitiated cooling air render it less suit- ; 
able for jet propulsion than the turbine | 
efflux. In a fast aircraft the last ounce of | 
energy need not therefore be extracted by | 
mechanical means from the turbine efflux. 
In a slower machine it will be necessary to 
have many turbine stages to extract the | 
maximum possible energy. For low and 
slow aircraft enough stages should be pro- 
vided to leave the exhaust only with sufficient 
energy to push it around a heat-exchanger. 
In other words, the problem of a surface or | 
marine installation. 

Examined in this way, appropriate fields 
of application of the various types might be: | 
(1) For ultra-high speed at ultra-high alti- | 

tudes, the turbine-operated jet should be 
unrivalled. 

(2) For high speed at high altitudes and 
large powers, the propeller/turbine with 
plenty of jet should be paramount. 

(3) For moderate speed at high altitudes 
and moderate powers, heavily com- 
pounded piston engines may have advan- 
tages over multi-staged turbines. 
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(4) For moderate speed at low to moderate 
altitudes and moderate powers, . the 
multi-stage turbine engine with heat ex- 
changers will compete with the piston 
engine with single-stage single-speed 
blower. 

For low altitude, low speed and power, 
the simple piston engine will probably 
always have a place. 


In regard to the specific output of piston 
engines, he noticed the author cites the power 
per sq. inch of piston as the criterion of 
performance. This is much the same as heat 
flow per sq. inch of piston and cylinder wall 
and is certainly a criterion of engine quality. 
But the aircraft designer is more interested 
in power per cubic inch because the swept 
volume is more nearly related to the engine 
weight and bulk than is the piston area. If 
cooling fins and sparking plugs could be 
scaled down exactly, air-cooled cylinders of 
every size could be made to develop the same 
h.p. per sq. inch, but their power per cubic 
inch would vary inversely as the scale. In 
practice the small cylinder is handicapped 
by the difficulty of getting fins and plugs on 
the head. The liquid-cooled cylinder is not 
so seriously handicapped in this way, so that 
there is a case for a large number of small 
liquid-cooled cylinders or a smaller number 
of large air-cooled cylinders. Suitable geo- 
inetrical arrangements may be left to the 
imagination bearing in mind the criterion of 
net thrust h.p./all-up weight. 

In regard to so-called safety fuels fed to 
piston engines by direct injection, would the 
author please confirm that one of their less 
advertised advantages is the reduction in risk 
of vapour locks in the fuel system in hot 
weather or on elevated airfields. 


Squadron-Leader D. G. Samaras, R.C.A.F. 
(Associate Fellow): It is regretted that 
“much ado about nothing’’ has been 
created by the so-called super-optimists and 
sub-pessimists. The present writer working 


for the last six years on aircraft gas turbines 
is of the opinion that every type of engine 
has its own field of application. It is a pity 
that for security reasons he was not allowed 
to quote any figures from his own work; 
moreover, he was quite convinced that both 
the above mentioned rival parties having 
access to it would torm a better picture of 
the future development. 

Generally speaking, without any prejudice 
or preconceived ideas they could state that 
for low altitudes, powers and speeds the 
reciprocating engine is well established. For 
higher power and altitudes, and up to speeds 
of, say, 500 m.p.h., the propeller gas turbine 
is supreme. Above that, the Whittle type 
simple jet and the axial flow type have their 
own range of operation. Above 1,000 m.p.h. 
(for the sake of argument) rockets for inter- 
planetary transport would be used. There is 
a wide range of speeds which two rival power 
plants would claim as their own, though it 
is felt that an intelligent compromise will 
sometimes give the best answer. For exam- 
ple, when they reach the stage of supersonic 
flight they might well use jettisoned propul- 
sive ducts in conjunction with rockets to be 
put into operation in the lower layers of the 
atmosphere.. 

They had to thank the author, who as a 
fuel specialist disproved the widespread 
fallacy that the price of the gas turbine fuel 
is going to decrease after the war. 

The author claims that :— 

‘“‘ In addition to the various methods men- 
tioned here for improving the operating 
economy of the turbine, there is very close 
collaboration with the material suppliers to 
give us improved materials—for blades, etc. 
—which will allow higher operating tempera- 
tures and so further improve the thermal 
efficiency.” 

Again, from the remarks made by Dr. 
Ricardo and A.-C. Whittle, the wrong 
impression was left that by increasing the 
maximum temperature of the cycle a better 
specific fuel consumption (lb. of fuel per Ib. 
of thrust) would result. This is not true for 
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the simple jet gas turbines (especially those of cylinders, a method which few designers } 
support with enthusiasm. At the small end | 
of the size scale the gas turbine engine has 


of the Whittle type at subsonic speeds) 
because the propulsive efficiency is rapidly 
decreasing with increasing maximum tem- 
perature, and it can be safely stated that 
the engines flying to-day have already 
exceeded the optimum maximum tempera- 
ture by some hundreds of degrees. This is 
not so for the propeller turbines, because in 
these, both the specific fuel consumption 
and the specific. output improve with an 
increase of the maximum temperature. 

Regarding the employment of mixed com- 
pressors in a unit (axial+centrifugal) it is 
felt that great caution is required in adopting 
such combinations because the resulting 
power plant inherits most of the disadvan- 
tages of the parent power plants, and the 
resulting complications would be rather 
disappointing. 

As for the great decrease in time for 
design and development, it is felt that the 
author is rather exaggerating the difference, 
at least for the propeller gas turbine case. 

It has to be remembered that the matching 
of multiple turbines, compressors, com- 
bustion chambers, propellers and exhaust 
systems is not an easy task, especially if we 
want efficient running over: reasonably 
wide range, free from surging, choking and 
other troubles. 

Finally, it is felt that further research to 
obtain the scientific data lacking to-day will 
enable us to replace ‘he present semi- 
empirical and intuitive methods of design, 
and will result in high performance and 
scientifically sound power plants. 


Mr. A. W. Morey (Royal Aircraft Estab- 
lishment, Associate Fellow): From the paper 
they had just heard it does appear that they 
may confidently expect gas turbine engines 
to hold the field among large power plants 
in the not too far distant future. Plain piston 
units will probably never exceed the 6,000 
b.h.p. size because such a size could only be 
reached by a slow process of development 
and at the expense of multiplying the number 
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fewer possibilities. On the basis of efficiency 
alone the piston engine is likely to be supreme 
for some years for powers of about 500 at 
take-off and below. 


The range of power unit from 500 to 6,000 


b.h.p, admittedly extrapolated at the upper 


end, surely covers very many aircraft, mili- 
tary and civil. Conditions are wholly in 
favour of the piston engine at the low end 
of the scale; the gas turbine engines will 


claim an increasing share of the upper end. 


It is obvious, he thought, that the recipro- 
cating engine is in a strong position for 
powers even considerably above the 500 h.p. 
mark. 
civil aviation where the natural economic 
factors are more or less established on the 
reliable basis of the reciprocating engine. 

He agreed with the author that the simple 
jet gas turbine power plant is predominant 
as the future power plant for military 
requirements of high-speed flight. As an 
offensive weapon it is liable to be superseded 
in its turn. They had seen one serious 
challenger already in the field. In any case, 
its efficient use for long ranges demands 
difficult improvement in aerodynamic tech- 
nique. 

The gas turbine is novel and stimulating. 
It has several extremely valuable advantages 
to. offer where the reciprocating engine 
labours under difficulties. It is rightly a 
research item of intense importance. We 
must remember, however, that it is mainly 
in research for military purposes where the 
interest lies. It remains to be seen whether 
all things considered it will provide them 
with an economic type of power plant from 
the civil point of view. They still have to 
prove that its operating life can be made 
sufficient in terms of cost, and further, that 
aeroplane design, which involves many 
factors, will lend itself to turbine develop- 
ment to the full extent expected. 


This is predominantly the field of | 
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DISCUSSION 


Many people believe that the propeller 
turbine should be the main line of develop- 
ment. The chief advantages which, in the 
main, are still only predicted advantages 
according to calculation, result from its low 
weight and compact size, its reduced fuel 
consumption at high altitudes and high 
forward speeds and a flexibility in per- 


formance which allows it to be used 
economically at speeds well above the 
minimum drag speed of the aircraft. Its 


disadvantages are the propeller and gearing, 
the more complicated turbine, the control 
problem and the thermodynamic disadvan- 
tage of decreased efficiency at partial load. 
On the basis of power plant weight plus fuel 
weight, careful calculations show the advan- 
tage of such an engine over the simple jet 
type, except for very short flights. How- 
ever, the present gas turbine development 
started with the simple jet and it seemed to 
him that it is bound to be more concentrated 
on the simple jet for some time to come; 
and because of the inherent simplicity of 
such an engine it will be applied to aircraft 
well beyond the stage where it would pay 
to develop a propeller turbine instead. The 
efficient propeller turbine of moderate output 
is essentially a further step in gas turbine 
practice. He felt, therefore, that although 
on thermodynamic grounds it is the most 
serious competitor the reciprocating unit has 
to face for aircraft carrying a heavy pay load 
over long distances, it will not be a pressing 
competitor for some time to come. 

It seemed to him that although the period 
of exciting research has passed, they have 
still a great interest in the development of 
piston type engines, especially in the small 
and moderate sizes. In particular they 
should continue to develop the technique of 
air cooling as well as the features which 
effect better fuel economy, better service- 
ability, lower specific weight at take-off, 
and, above all, improved safety. The jet 
engines have already focused attention on 
the vital importance of engine weight in 
relation to fuel consumption, and also the 


essential need to make the utmost use of the 
exhaust gases. 

In the piston engine world the develop- 
ment of anti-knock fuel is essential in order 
that engines may be up-rated to produce the 
power which they are well able to withstand 
for short periods. The gas turbine does not 
call for the same up-grading of fuels. This 
seemed to him a crucial issue; will the high 
anti-knock fuels be readily available for the 
piston engine? The gas turbine has material 
problems. He who would predict far into 
the future must weigh up the relative efforts 
of the fuel industry on the one hand, and 
metallurgists on the other; and further, 
fully appreciate aerodynamic and economic 
improvements, since it is also necessary to 
predict the trends in top speed and cruising 
speeds of aircraft. 

It is true, as Air Commodore Whittle has 
said, that an increase in aircraft speed will 
appreciably increase the power of gas tur- 
bine engine more than it does for the piston 
engine without any work on the part of the 
engine designer. Vice versa, and more 
commonly, a loss in the aircraft design speed 
will subtract appreciable power from the 
engine without the designer being able to 
avoid it. 


Mr. A. S. HARTSHORN (Royal Aircraft 
Establishment) (contributed): Both the lec- 
turer and subsequent speakers have shown 
the difficulty of comparing the performance 
of a piston engine with that of a gas turbine. 
This difficulty is fundamental and may 
demand an entirely different approach in 
assessing the performance characteristics of 
an aero engine. Various aspects of this 
difficulty are itemised below. 

(i) One point brought out is that in com- 
paring weights it is engine weight plus fuel 
for a given range which counts. This weight 
should be the overall installation weight 
which includes the increased structure weight 
necessary to carry the engine and fuel. 

(ii) Another point mentioned, but on which 
attention was not directly focused, is that 
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the piston engine performance is quoted in 
torque power, whereas the turbine per- 
formance is quoted as thrust. Thus the 


inefficiency of the propeller (which may be. 


considerable at high speeds) should be 
charged up to the piston engine. 

(iii) Both types of engine need cooling; 
with the turbine excess air is pumped 
through the engine and the work entailed 
in this is deducted from the accredited power 
output. On the other hand, the piston 
engine gets off scot free; the cost of cooling 
is charged up as an airframe drag. The 
item is serious enough to merit attention— 
whilst the published pre-war figure for cool- 
ing was about 2} per cent. of the b.h.p., 
present day high performance military 
engines with cooling adequate for tropical 
conditions use considerably more than this, 
and a figure of 10 per cent. is probably 
nearer the truth. (Digressing for a moment, 
the cost of charge cooling is particularly high 
because for indirect cooling the available 
temperature difference between coolant and 
air is small, and for direct cooling the duct- 
ing is difficult.) 

(iv) Drag should also include the drag of 
the engine housing. This item is probably 
not very different for the two types of 
engine, and for a high-speed twin-engined 
aeroplane it should account for 10 to 15 per 
cent. of the gross engine power. 

(v) The total installation drag will also 
include certain other effects such as inter- 
ference and the possibility of using low drag 
wing sections. Thus a particular engine may 
have a greater economy when used as a 
pusher than when used as a tractor; simi- 
larly, the jet engine will have a potential 
advantage over one with a tractor propeller. 

(vi) The above items favour the turbine 
type, but it must not be forgotten that the 
piston engine can provide a useful amount 
of direct thrust from the exhaust, especially 
if night visibility is no objection. 

These remarks state a problem, but do not 
indicate any solution. It may be that the 


only real method of comparison is by appli- 
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cation to a specific design, and, as has been 
stated by Air Commodore Whittle, this may 
lead to unsuspected answers. 


Mr. H. Sammons (contributed): As far as 
civil aviation is concerned, there are two 


aspects of aircraft development in the future | 


on which too much study and research can- 
not be applied, namely, safety and economy. 

Economy.—In his opinion this can best be 
served by reductions in maintenance and 
fuel costs. It is possible that the turbine 
will automatically produce the 


desired | 
improvement in maintenance cost, but care | 


must be taken to see that in striving for fuel — 


economy over wide operating conditions the 
turbine plant does not become so compli- 
cated that maintenance costs are increased. 
It may well be that the efficient combination 
of the two-stroke cycle piston engine with 
the gas turbine will play an important part 
due to the very high thermal efficiency which 
such a combination makes possible. As far 
as civil aviation is concerned, every effort 
should be made to economise in operational 
costs so as to avoid the necessity for State 
subsidies, in order to make their commercial 
operation successful. 

Safety.—It is difficult to appreciate that 
aviation can assume its rightful place in the 
affairs of the world until accidents are 
reduced to a smaller proportion than has 
been the case in the past. Although statistics 
may show that the accident rate per passen- 
ger-mile flown is very good, every single 
aircraft accident, whether it be military or 
civil, if publicised, will have a detrimental 
effect upon the general public’s desire to use 
aviation as their mode of transport. There- 
fore, any development which will reduce the 
fire risk, or increase the mechanical reliability 
of the power unit, should take a high priority 
in the post-war development plans. There 
is no doubt that the advent of the turbine, 
either alone or in combination with the piston 
engine, has great potentialities for making 
flying even safer than it has been in the 
past. 
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Mr. J. AHERNE HERON (communicated) : 
From the lecture one might gather that the 
gas turbine may or may not be too far off. 
Therefore, should one wait till it is in a more 
advanced stage before attempting commer- 
cial editions, or is the gas turbine so near 
now that work on further development of 
two-stroke diesels and improvements on 
normal internal combustion is unjustified? 
Is it worth while the airscrew people attempt- 
ing to make hollow steel blades at this stage, 
or should they turn their energies to ducted 
fans and axial flow compressors? With 
regard to this latter point, he did not agree 
that hollow steel blades will be worth while, 
as the thickness-chord ratio, together with 
the pitch diameter that will be required for 
later high-speed craft, does not appear to 
justify the small amount of material that it 
will be possible to remove, especially if the 
inner half of the blade may be used for the 


_ first stage compression for the compressor, 


and the outer portion as the normal airscrew. 


How right Air-Commodore Whittle is to 
plead for attempts to keep the gas turbine 
simple, and not stick an up and downer in 
front of it, merely to find work for that out- 
of-date industry. It is obvious that not only 
are there a limited number of thought-hours 


available for development, but man-hours 


also, and it is felt that they should be con- 
centrated on solving the basic problem which 
tends to simplify the unit rather than com- 
plicate it. By this it is meant that these 
thought- and man-hours should be spent in 
finding a solution to running the turbine at 
these higher temperatures, rather than intro- 
ducing a mechanically inefficient unit on the 
front to do this work. If the same amount 
of resources that may be diverted to trying 
to make this a solution were put into the 
development of materials and cooling tech- 
niques, it is felt that a more speedy and 
efficient solution would be found. 


More work should be concentrated on blade 
cooling and the introduction of lubricants on 
the surface of the blades to keep them cooler, 


SSION 


even if this lubricant was only cold, secon- 
dary air. 

With regard to materials, it is felt that 
powder metallurgy ceramics, super-purity 
materials, would all justify a complete 
investigation, as it tackles the basic problem, 
and not superficialities. 


Mr. J. Lowrey (communicated): He 
would like to comment on the statement that 
‘A strict timetable should be adhered to for 
the development programme.”’ This dictum 
will undoubtedly be approved by production 
executives, but is surely incompatible with 
true progress. 

When a successful engine is already in 
production, and work on detail improvement 
is in hand, imposition of a timetable is 
reasonable. No objection can be raised in 
this case to the fixing of a date by which 
development engineers must have ready any 
improvements to be incorporated in a forth- 
coming engine “‘mark.’’ 

In the initial development of a new engine 
type, however, he would regard adherence 
to a strict timetable as intolerable. Such 
work inevitably involves groping into the 
unknown, and while it may be sound 
psychology to publish a timetable, over-strict 
enforcement of it may lead to production 
effort being wasted on an_ unsatisfactory, 
even unsafe, power unit. 

Secondly, he was surprised that no men- 
tion was made of the compression ignition 
engine, save as a possible high-pressure stage 
in composite reciprocating-turbine power 
units. 

Air-Commodore Banks states that in the 
future the piston engine’s principal claim for 
remaining will be its cruising fuel consump- 
tion. Although, during the 1920s, Dr. 
Ricardo concluded that there was little 
future for the compression ignition aero 
engine, the writer was doubtful if his con- 
clusions remain valid to-day. 

It is commonly argued that modern fuels 
permit the petrol engine to operate at such 
low specific consumptions as to render the 
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C.1. engine inferior in engine-plus-fuel weight 
for even the longest flights. Full allowance 
is not always made, however, for the fact 
that under operating conditions the C.1I. 
engine approaches much more closely to its 
ideal test bed consumptions than does the 
petrol engine. Improved carburation may 
widen the range of powers over which a 
petrol engine can operate really economically, 
but the full throttle engine seems bound to 
retain an advantage over the throttle con- 
trolled type. 

With modern developments of power 
boosting and of assisted take-off, he believed 
that there are wide fields of use for com- 
pression ignition engines. In fact, it seems 
probable that the turbine engine will even- 
tually be adopted for short flights, and the 
compression ignition reciprocating engine for 
long flights, the petrol engine being of ques- 
tionable advantage for medium distances 
only. 


Group-Captain A. F. ScroGGs_ (con- 
tributed): Although the lecturer emphasised 
that his paper dealt with power units rather 
than with power plants, he most heartily 
agreed with Group-Captain Bulman that the 
two must be considered together, and their 
development must proceed side by side and 
with the closest co-operation between their 
respective designers. It would be safe to say 
that the great majority of troubles in new 
types of aircraft in the past have been due 
not to the airframe itself, nor to the engine 
itself, but to the engine installation. 

It seemed to him that there is a general 
tendency to treat the power unit merely as 
a device for converting chemical energy of 
fuel into mechanical work, rather than as a 
part of an aircraft. It is all very well to 
talk of power per sq. in. of piston area, or 
Ibs. /b.h.p.-hr., as a measure of the merits 
of a design; but these are not in themselves 
of the slightest interest to the operator. What 
ultimately matters is the performance and 
range of the aircraft. | Air-Commodore 
Whittle made this point in connection with 
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gas turbines, but the same also applies as 
between different piston engines. 

Too little regard has been paid in the past 
to maintenance and reliability. The former 
is largely a matter of design and calls for 
careful thought and foresight at an early 
stage; the latter demands long development 
and thorough testing—especiaily flight test- 
ing. The requirements of Civil and Service 
engines are somewhat different for whereas 
both need the utmost reliability, the Civil 
engine can expect a high degree of skill and 
elaborate equipment for maintenance, the 
Service type in wartime must be maintained 
by butchers, bakers and basketmakers work- 
ing against time and often in the most 
appalling conditions. It must never be 
forgotten that their effective strength of air- 
craft is not the total number they possessed, 
but the number that can be kept serviceable 
—a distressingly small proportion of the 


total, depending directly on ease of main- — 


tenance. To the nation this means using up 
the available production capacity; to the civil 
operator it is a matter of idle capital and 
swollen pay-rolls. 

The need for reliability should be obvious, 
but it still does not seem to be taken seriously 
enough. He would like to see every designer 
and development engineer compelled to 
undertake a flight with his engines over the 
sea, preferably in bad weather and without 
radio, in a single-engined aircraft or a twin 
that will not keep in the air on one. He 
had done a lot of this himself and it makes 
one think. Personally, he was in favour of 
air cooling, especially for long-range service 
aircraft. He did not say that an air-cooled 
engine is inherently more reliable than a 
liquid-cooled one, and plumbing seems to be 
better than it was, but there is always the 
chance of a bullet or a piece of flak in a 
tender part of the cooling system, and even 
a small leak can destroy a whole aircraft and 
its crew, 

Engine design is a mass of compromises, 
and it is not possible to provide all the quali- 
ties desired in full measure. For some pul- 
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DISCUSSION 


poses it may be necessary to sacrifice other 
qualities for high performance. He thought 
different types should be developed for 
different applications as the high-performance 
engine does not always give greater relia- 
bility or durability when de-tuned, and vice 
versa. The Americans have had consider- 
able success in “‘ hotting up ’’ engines once 
intended for airline use; it remains to be seen 
whether we can do better still by: the reverse 
process. 

He was pleased to see several references 
to two-strokes. He had always felt that this 
fascinating line of development has been too 
long neglected. Whether it is now possible, 
or worth while, to make up for lost time, he 
did not know; but the supercharged, fuel- 
injection two-stroke with a rotary or sleeve 
valve (preferably the former) offers great 
attractions. He would venture to suggest, 
as a Simple, neat and compact layout, a 
24-cylinder two-crankshaft engine with banks 
at 150° to each other, thus :— 


REPLY TO DISCUSSION 


Air-Commodore Banks: He thanked Dr. 
Ricardo for opening the discussion, and for 
his valuable contribution to it. He was glad 
to have the confirmation of one in Dr. 
Ricardo’s unique position, on the future of 
the aviation engine. 

Undoubtedly piston engines would still be 
seen in aircraft ten years from now, but the 
gas turbine would, he thought, eventually 
oust the piston engine for many applications. 
One thing which would help to kill the piston 
engine more quickly, particularly for trans- 
port purposes, was vibration. Anyone who 
had flown in a turbine engined aircraft 
would never wish to fly in one with piston 
engines again. In other words, a large pro- 
portion of passengers would be prepared to 
pay higher fare rates for the relative com- 
fort, restfulness and speed which should be 
the outstanding features of turbine engined 


aircraft. And the transport operators would 
have to meet this demand, which might 
override, to a large extent, the disadvantages 
of the high relative fuel consumption of the 
gas turbine. 

For military machines, where long range 
at low altitudes or long duration were the 
requirements, then he thought that the com- 
bination of either the petrol or the com- 
pression ignition two-stroke engine and the 
gas turbine would be the power unit to go 
for. Dr. Ricardo can be credited with the 
original suggestion of such a power unit. 

It was his, the author’s, opinion that this 
would be the only practical way of applying 
a compression ignition heavy oil engine to 
aviation purposes. The normal four-stroke 
compression ignition engine had never been 
worth while developing as an aviation power 
unit, since it only burned about 80 per cent. 
of the air which it took into its cylinders, 
and therefore was always at a disadvantage 
relative to the four-stroke petrol engine. 
This feature gave it (the C.I. engine) a lower 
take-off to cruising power ratio and made it 
a heavier job than the petrol engine. 

Such was also the case with the two-stroke 
C.I. engine—that it would only burn about 
80 per cent. of the air in its cylinders—but 
by using the two-stroke as a gas generator 
and with the large amount of gas and heat 
energy issuing from its exhaust, it was a very 
attractive proposition when linked up with 
the turbine. 


The Author was glad to have Air-Com- 
modore Whittle’s amplification of the point 
he made, in the paper, regarding tempera- 
ture reduction with height and its effect 
upon improving gas turbine efficiency. 

Air-Commodore Whittle’s point on the 
effect of aircraft drag was, to his mind, most 
important. And this was so for another 
reason. In the case of the simple jet and, 
for that matter, the propeller/turbine, the 
cruising power would not be much below full 
power and therefore the cruising speeds of 
turbine engined aircraft would be much 
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nearer their top speeds than was the case 
with piston engine installations. The neces- 
sity, therefore, for making a clean airframe 
was absolutely vital. 

In regard to propeller efficiency, Air- 
Commodore Banks was hoping for about 
70 per cent. at speeds up to 500 m.p.h. 

The author still felt that the present high 
specific fuel consumption of the gas turbine 
was the one bar to its almost universal use 
in aircraft; and although he knew that Air- 
Commodore Whittle disliked ‘‘ this up-and- 
down piston engine business,’’ he felt that 
the piston engine would still be in the picture 
for some time to come, even although he 
agreed that it might be used in combination 
with the turbine. There would be many 
cases where it would be necessary to operate 
aircraft at altitudes lower than, say, 20,000 
feet, and they: would have to see much 
higher fuel economy from the gas turbine if 
it were to compete successfully with the 
piston engine at such altitudes and for 
reasonably long ranges. 

In reply to Mr. Rowe, he was very grati- 
fied to have someone with Mr. Rowe’s wide 
experience of atrcraft and aerodynamic prob- 
lems as a contributor to the discussion. 

As Mr. Rowe had mentioned, the paper 
was designed to review the engine position 
as it stood to-day and to give some idea of 
what the future held. He had purposely 
written the paper along different lines to 
those usually read before the Society since, 
as Mr. Rowe had inferred, it would not have 
been possible to publish any data of real 
interest at this time. But the author felt 
that what was wanted now was some 
definite information and even provocative 
statements of a specific nature which would 
give some idea of the direction in which we 
were heading in aviation during the next 
decade. The paper was written to promote 
discussion along these lines, since the author 
had always felt that a paper was only as 
good as the discussion it promoted. 

Mr. Rowe’s contribution brought out some 
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very valuable points, and if the present 
‘tribal squabble ’’ were to be quickly 
ended, then the author felt he could give 
Mr. Rowe a reasonable assurance that the 
ordinary piston engine could be developed 
to give a cruising fuel consumption of 0.40 
Ib. per b.h.p.-hr. and 750 hrs. between 
overhauls—possibly 1,000 hrs.—in five years’ 
time. All this without reducing the high 
take-off power, which was now being used 
for heavily laden bombers. 

Mr. Rowe's point regarding fuel economy 
and its effect on the size of aircraft had been 
little appfeciated in the past, but it was one 
of the most valuable points mentioned that 
evening. 

He was very interested in Mr. Rowe’s 
views on clean wings and their structure 
weight for fast aircraft. But he still thought 
that for extreme speeds up to, say, 600 to 
650 m.p.h. it would be necessary to have a 
wing thickness of not more than 10 per cent, 
at the root and he felt that this would 
inevitably lead to wings of more massive 
structure. But this would not necessarily be 
a disadvantage to the aircraft as a whole. 
For future fighter aircraft of these speeds, 
however, it would not be possible to put any 
fuel or guns in the wings. All these would 
have to be accommodated in the fuselage. 

Mr. Rowe apparently did not agree that 
there was a “‘ compressibility wall,’’ and the 
author was interested in his analogy. Mr. 
Rowe’s analogy was very apt if one were a 
mountaineer, but the author was not and he 
felt that it might not be a correct one because 
he thought the compressibility problem, 
although not insuperable, was then similar 
(still taking Mr. Rowe’s analogy) to scaling 
Mount Everest, which had not yet been done 
by any human being. 

He still felt that there was a ‘‘ compressi- 
bility wall ’’ and that a more true analogy 
would be that of a tank rolling up to a con- 
crete defence barrier and then having to exert 
extreme power to push it over—after which 
the tank could continue on its course. Simi- 
larly, the aircraft to reach a Mach number 
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of one and go just beyond it would, so far 
as the author understood, require approxi- 
mately six times the engine power that would 
be necessary for Mach numbers below unity. 

On the question of engine size and num- 
ber, he felt that if it were necessary, as Mr. 
Rowe suggested, to keep to the minimum 
number of propeller discs along the wing, 
then engines of reasonable size could be 
installed in the wing in multiples of two, 
driving co-axial counter rotating propellers 
through a gearbox. 

On the question of fuel supplies, raised by 
Mr. Rowe in the latter part of his discussion, 
he thought it would not be economical to use 


‘coal resources for the production of fuel for 


either petrol or turbine engines, It was still 
more economical from a cost and quantity 
point of view to import oil from those coun- 
tries where it came from the ground in its 
natural form; and it was also cheaper to 
process crude oil than coal. 


He did not agree with Grp.-Capt. Bulman 
that he was a super-optimist, nor did he 
agree that his statements on the gas turbine 
were day-dreams. If one were not enthu- 
slastic and not convinced that a new prime 
mover such as the gas turbine was a prac- 
tical proposition, they would not have got 
so far as they had, to date. Even now and 
with their apparent lack of knowledge and 
experience of gas turbines, relative to piston 
engines, the simplest form of gas turbine 
could confidently be designed and would 
work quite satisfactorily in fighter type 
aircraft. 

The author, therefore, was somewhat 
worried that Group-Captain Bulman. still 
remained piston-engine-minded; particularly 
since the author regarded him as one of the 
few people in this world who could rightfully 
be called an ‘“‘expert.’’ Group-Captain Bul- 
man was an expert on the development of 
fighter aircraft and their engine installations, 
and this was the type of aircraft in which 
the gas turbine could replace the piston 
engine almost immediately. 


The author agreed whole-heartedly with 
Group-Captain Bulman when he said that 
‘““one ounce of development in the early 
stages was worth thousands of pounds in the 
post-design or production stages.’’ 

The author meant what he said in his title 
—'‘‘ power unit,’’ not “‘ power plant.’’ He 
agreed that the engineering of the power 
plant was most essential and had _ been 
neglected in the past. But one had to have 
the power unit first, and it was this that he 
was discussing in his paper. Any experi- 
enced engine designer to-day should and 
would take account of the installation of his 
engine in an aircraft. But the design of an 
entirely new engine, with little previous 
background, could not, in the design stages, 
be entirely prejudiced by installation prob- 
lems. The engine must be made to work 
first. 

The author could not agree with Group- 
Captain Bulman that the gas turbine in its 
present form was as undeveloped as the 
early rotary engine. So far, they had only 
two or three years of relatively intensive 
development of the gas turbine, and _ yet, 
during this time, a particular gas turbine 
had been designed, built and run, all within 
six months; and had already shown that it 
was capable of running 100 hours. Another 
similar turbine had recently passed the 
official 100 hours’ type test. The rotary 
engine in its early stages could not have 
looked at these running hours or passed any 
test half so severe as the present type test. 
The rotary engine was doing very well if it 
managed to last 20 hours and, in its later 
stages of development, 80 to 100 hours. 


In reply to Dr. Roxbee Cox, he was glad 
to have his views on the vexed question of 
the relationship of research and develop- 
ment. As the author saw it, the pure 
research worker was a man who had been 
given the best theoretical education possible, 
to qualify him in his investigations to estab- 
lish certain fundamental laws or data on a 
given problem or subject; and, therefore, to 
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be able to explain certain phenomena. The 
development man was one who had to gain 
a considerable experience of his job, which 
was really in the nature of skilled ‘‘ cut and 
try.’’ In the case of engines as distinct from 
atoms and “‘ atom splitting,’’ the author felt 
that there was little or no line of demarca- 
tion between research and development. 
But development was quite exciting, all the 
same. 

He agreed with Dr. Roxbee Cox that it 
was dangerous to consider the fuel economy 
of a gas turbine on the basis of Ibs. / thrust 
h.p./hr., or lbs./brake h.p./hr., and fuel 
economy, particularly in the case of gas 
turbines, could only be evaluated in flight 
on an “‘ air miles per gallon’’ basis. But 
the test bed figures had some relationship 
between engines when new designs were 
being considered and developed. 


He agreed with many of the remarks Mr. 
Tresillian made on poppet versus sleeve 
valves. But he felt that each had its place, 
although in his opinion the only advantage 
the sleeve valve offered was that of a better 
geometrical layout, particularly in the case of 
large engines. 

He did not necessarily agree with Mr. 
Tresillian that there was an advantage in 
raising the piston speed above the figure 
(3,250 ft. per min.) he had given in his 
paper. This appeared to be an optimum 
figure so far as mechanical efficiency, oil 
consumption and compactness of the engine, 
as a whole, were concerned. In the case of 
a short-stroke engine which had to run at 
high crankshaft speeds in order to approach 
the piston speed quoted, it was always more 
difficult to control the oil consumption, 
which rose with speed somewhat as surtax 
increased after a certain salary figure had 
been reached. 

He agreed with Mr. Tresillian that a lot 
could be done with various forms of cylinder 
and cylinder head construction. But he 
seriously doubted whether it was now worth 
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while altering the well-developed cylinders 
now in use, except in detail. 

Mr. Tresillian’s 24-cylinder arrangement 
was very interesting and he was glad to 
have Mr. Tresillian’s confirmation that 24 
cylinders were sufficient for any engine. 

The points raised by Mr. Tresillian on the 


importance of improving the engineering of. 


the installation and the effect it had on 
operations was one of the most important 
and interesting illustrations that had been 
presented. There was no question about it 
that an air force in the field had a most 
onerous maintenance job which, in the 
author’s opinion, meant an unnecessarily 
big ground staff in relation to flight person- 
nel. He thought that in five or ten years’ 
time, and particularly when gas turbines 
were in more general use, people would look 
back and wonder that they ever tolerated 
the maintenance at present necessary. 


In reply to Mr. Duncan, he did not agree 
that he had been unfair when discussing the 
relative merits of sleeve valve and poppet 
valve engines. He had taken great pains to 
review the merits and demerits of each. 

It was not correct to say that the poppet 
valve had been developed over 70 years. 
As a matter of fact, the (necessary) develop- 
ment of the poppet valve had only been 
considered properly between the two wars 
and, roughly, over the same period as the 
sleeve. It was true that the poppet valve 
had been in use for many years, but it was 
not until engine development really advanced 
that the poppet valve had been attended to 
seriously rather than tolerated. It was also 
true to say that a poppet valve engine could 
be got running more quickly in the develop- 
ment and early production stages than a 
sleeve valve engine; which latter required 
generally more development time. 

The author saw no advantage in running 
at piston speeds much in excess of 3,250 ft. 
per min. And both types of valve in any 
case could be got to operate equally well at 
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high speeds, trom a mechanical point of 
view. 

During the last year there had been, for 
the first time in the author’s knowledge, an 
opportunity to compare the relative volu- 


_metric and thermal efficiencies of a poppet 


and sleeve valve engine on a common basis. 
The two engines concerned had the same 
bore, but the sleeve valve version had a 
shorter stroke and ran at a higher crankshaft 
speed, to give the same piston speed as the 
poppet valve edition. The poppet valve 
engine had a compression ratio of 6/1 and 
the sleeve 6.5/1. Both engines, on 100/130 
grade fuel, gave the same power for a given 
boost, 1.e., the boost response, or the powers 
obtained with increasing boost, were the 
same for both. The fuel consumption was 
also similar, despite the fact that the sleeve 
valve engine was half a ratio higher in com- 
pression than its poppet valve counterpart. 
The explanation was, apparently, that the 
sleeve valve engine had the higher frictional 
losses, which balanced out any advantages 
offered by the increased compression ratio. 

The comparisons made by the author were 
not based on statistics, but upon his own 
experience, coupled with the experience of 
others during the present war. He thought 
statistics were very dangerous things to 
quote, particularly in regard to aviation 
engines, unless all the conditions and factors 
were known. The figures quoted by Mr. 
Duncan from the S.A.E. Journal could, in 
the author’s opinion, be most misleading. 
And there had been many cases in the past 
where a particular engine had given epidemic 
trouble through some design or development 
weakness, whereas another engine had not 
shown up the same weakness. It might, 
therefore, well be the case that the power 
plant failures quoted by Mr. Duncan were 
due to a specific weakness in a particular 
engine; or might be due to a particularly 
bad installation which caused engine over- 
heating at a certain operating condition. 
But the example quoted certainly could not 
be used to condemn the poppet valve as a 


whole, particularly in the light of our experi- 
ence with high duty poppet valve engines in 
this country. 

On the general question of maintenance, 
it had often been stated that the sleeve valve 
was superior and needed less maintenance 
than the poppet valve. Whilst the author had 
covered this point already in his paper, there 
was one aspect which was not appreciated. 

The airline operating companies often had 
occasion to remove a cylinder in order to 
cope with piston trouble. One could do this 
easily in the case of a poppet valve radial 
engine. But the removal of the piston 
presented a problem in the case of the sleeve 
valve because one could not easily get at the 
piston after the cylinder had been removed, 
without disturbing the sleeve. 

The author could not agree that, for the 
same installed weight, the air-cooled engine 
would have as good a heat capacity factor 
as the liquid-cooled engine. At least, it yet 
had to be proved, but the author agreed 
that a good deal could be done to improve 
matters. 

He agreed that nine cylinders per crank- 
pin had been used and had certainly been 
satisfactory, but there were more limitations 
with a large master-rod assembly than with 
two or four cylinders per crankpin. He 
agreed that the 18-cylinder radial air-cooled 
engine still had its place, but did not think 
an engine with cylinders of 6.5 ins. bore 
would be very attractive and it would cer- 
tainly be massive and might have very 
limited development ahead of it. 


He valued very highly Mr. Owner’s views 
because of the latter’s experience in design 
and project engineering. However, in the 
years he had known him, he had not been 
aware that Mr. Owner shared his admiration 
of Lewis Carroll! And his (Mr. Owner’s) 
quotation was very apt. 

Replying to Mr. Owner’s query regarding 
the development of each separate section of 
a new power unit, he thought “ unit 
development ’’ was worth going for provided 
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it was subjected to such tests that would 
and could relate to its operation when fitted 
to the power unit proper. As a matter of 
fact, in the case of the later piston engines, 
a good deal of rig testing had been done to 
prove the efficiency of the supercharger and 
its mechanical reliability; and this had saved 
a lot of extra work when the engine was 
finally built. In answer to Mr. Owner’s 
second point, it was true that development 
tended towards increased complication, but, 
as Mr. Owner indicated, there could be a 
reduction in the amount of complication if 
careful thought were given to this in the 
early design stages. However, it seemed 
inevitable that engines got more complicated 
as they progressed; due also to the operating 
requirements of the aircraft user and because 
any improvement demanded in performance 
during the life of the aircraft always appeared 
to fall upon the engine to fulfil. 


On the question of fuels for gas turbines, 
he felt that there would be considerable fuel 
development even although ‘‘detonation’’ 
was not a factor. He thought that gas 
turbine fuels would undoubtedly be safer 
and present less fire hazard than petrol, and 
he considered that the fuel companies would 
be able to give great help in improving the 
fuel economy of the gas turbine. 


The author was glad to have Mr. Ogston’s 
remarks on the fuel aspect. He was also 
pleased to have some assurance that fuels of 
a higher grading than 100/130 might become 
available in sufficient quantities after the 
war. 


In regard to compression ratios, which 
the author thought would not go much above 
7/1, he considered that the ‘‘weak mixture’’ 
end of the scale should be raised above 100 
(possibly to 130) and the ‘“‘rich mixture’’ 
requirement would also be relatively high 
because of the take-off condition at high 
boost. Take-off was most important whether 
for bomber or transport aircraft—nothing 
paid like pay-load. 
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Referring to cruising power, the whole 
point of developing an engine to give a high 
take-off power was to ensure that it could 
work at a lower percentage of its take-off 


power for cruising purposes—to ensure 
reliability. It did not méan, however, that 


the cruising power would be low. 

The author thought that the figures of 50 
and 65 per cent. quoted by Mr. Ogston 
referred to engines which had a relatively 
low maximum or take-off power, compared 
with their size, and in any case an engine 
that had been well developed to give a high 
take-off power would be more capable of 
operating at higher percentages of this 
power, for cruising, than a big and flabby 
engine. 

He was glad to have Mr. Ogston’s views 
on safety fuels and also fuels for gas turbines. 
Whether or not the fuel for the gas turbine 
would be as potent a factor in the develop- 
ment of the latter, as had been so in the case 
of the petrol engine, was a matter for con- 
jecture. 


Dr. Hooker probably had more experience 
than anyone in this country on the design 
of successful gas turbines. 

Dr. Hooker’s example was one which gave 
a practical illustration of what could be done 
with the gas turbine and what were the 
limitations of the piston engine for the par- 
ticular case cited. 

His (Dr. Hooker’s) remarks on fuel con- 
sumption were interesting. Using stage 
compressors and turbines, to obtain a higher 
operating compression ratio, could only give 
better fuel economy in the case of the 
propeller/turbine and where little or no jet 
energy was used. A _ higher compression 
ratio would not necessarily benefit the simple 
turbine / jet engine and the only way in which 
this latter engine could show an advantage 
would be at extremely high altitudes and 
speeds. 

The author did not believe that the centri- 
fugal type of compressor was dead by any 
means. In fact, he thought that there was 
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a long way to go in getting better axial flow 


compressors; both as regards their efficiency 


and their practicability. 


Lieut. Robinson had raised a very impor- 
tant point in regard to the propeller / turbine 
and if his suggestion were possible, practic- 
ally, it would considerably alter the picture 
in regard to the use of turbines for the more 
moderate speeds at lower altitudes. And 
where, at present, the piston engine appeared 
still to have the advantage. 

The author agreed with Lieut. Robinson 
in regard to the effect which the gas turbine 
would have upon propeller design. It should 
be possible to make lighter and more efficient 
propellers. 


Mr. Bass amplified the points made in 
the paper on lead distribution and he showed 
how carefully one must go when evaluating 
single cylinder tests to correlate with tests 
on the full-scale engine. 

The author was glad to have Mr. Bass’s 
confirmation that a good deal of work would 
have to be done on safety fuels before they 
could be used properly. And, even with 
individual cylinder injection, there would be 
starting difficulties and, possibly, normal 
volatility fuel would have to be used to 
obtain a start. But, once started, the author 
did not necessarily agree that there need be 
a drop in performance or increase in specific 
fuel consumption with safety fuel, if the 
injection system were properly developed. 

In regard to the combined piston / turbine 
power unit, the author did not consider it as 
an interim engine and thought that it would 
be well worth while for aircraft of extreme 
range. Possibly it would only be used for 
military aircraft. Such a power unit would 
not be attractive to the passenger transport 
people once they had experienced the vibra- 
tionless operation of the gas turbine. 

Referring to the last paragraph of Mr. 
Bass’s contribution, he still felt that fuels 
for the gas turbine would perhaps become 
more expensive than was at present envisaged 


and he was sorry that Mr. Bass deplored 
the use of additives. There was nothing 
against additives if they offered improved 
performance. There were two possibilities : 
(a) an additive which would speed up com- 
bustion in order that the shortest possible 
combustion chamber could be used and so 
cut the length and, therefore, the weight, of 
the gas turbine as a whole; and (6) an addi- 
tive to increase the volumetric heat value of 
the fuel and so compensate for the relatively 
high fuel consumption of the gas turbine. 
This latter would undoubtedly involve long- 
term investigation, 


Both Mr. Parkes and Mr. Cleaver made 
some valuable points on different but impor- 
tant aspects of propellers. 

It was the author’s opinion that the pro- 
peller was by no means dead and there 
would possibly be more applications for the 
propeller/turbine than for the simple tur- 
bine/jet. The propeller people could, he 
thought, contribute a great deal and he 
wanted them to look into the question of 
propeller efficiencies for high forward speeds, 
up to about 550 miles per hour. 


In reply to Mr. Lucas, the author said 
that he had some sympathy for Mr. Lucas 
and the troubles of a test pilot engaged on 
prototype work. But there was, in his 
opinion, a reasonable explanation as to why 
the bulk of the problems were centred around 
the engine and its installation, since the 
engine was ‘‘ dynamic,’’ whereas the air- 
frame was in a sense a “ static ’” structure: 
There would always be in his opinion more 
problems on the engine and engine installa- 
tion side than with the airframe. That was 
not to say that there were no troubles with 
the airframe—there were plenty—but they 
generally occurred at the commencement of 
a new phase in aircraft performance and 
mainly were connected with increase in 
speed. 

Not all the blame could, however, be 
placed on the engine man, since it was the 
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author’s opinion that, in many cases, the 
aircraft designer did not keep good liaison 
with the engine manufacturer, nor did he 
always profit from past experience. 


Mr. Pobjoy had given some interesting 
information and the author was little at 
variance with him. On the question of 
engine weight, the author meant all-out level 
power and not take-off power. 

Referring to the last paragraph of Mr. 
Pobjoy’s contribution, he confirmed that the 
use of safety fuels would considerably reduce 
the risk of vapour locks in the fuel system 
and, in fact, they should not occur at all 
with a properly designed system. 


Squadron-Leader Samaras’s contribution 
was a valuable addition to the discussion, 
on a number of important points. He (the 
author) did not necessarily agree, however, 
that the piston type engine would always 
predominate at the lower altitudes and 
speeds. 


The author respected Mr. Morley’s 
opinions, and while he agreed with Mr. 
Morley that there were many problems to 
solve before they knew what the gas turbine 
was worth, he felt that they would be solved 
and there would probably be fewer head- 
aches in the development of the gas turbine 
than there had been with the high duty 
piston engine. He did not agree with Mr. 
Morley that the simple turbine /jet would be 
the only type of turbine for some time to 
come. Propeller/turbines were in the offing 
and although there were more problems 
associated with their development, he felt 
that they would have equal development and 
use in the next five years or so. 

On the question of fuels for the further 
development of the piston engine, the author 
anticipated no difficulty in obtaining fuels of 
high anti-knock value when required. 


The points mentioned by Mr. Hartshorn 
emphasised the need for trying out on the 


212 


IMPORTANCE OF POWER UNIT DEVELOPMENT 


orange analogy, i.e., ‘‘ sucking and seeing.”’ 
In other words, aircraft must be built with 
turbine engines tailor-made to suit them, and 
only then could they be compared with the 
more conventional aircraft of to-day. But 
it spoke well of the turbine that, with the 
relatively small experience we had of it to 
date, an aircraft could be designed with 
turbine engines and be expected to perform 
according to estimation. 


He thanked Mr. Sammons for the points 
he raised in his written contribution and for 
his kind remarks regarding the paper. 

It would be most unusual in the history 
of aviation if the gas turbine did not become 
more complicated as its development pro- 
gressed. But apparent complication was not 
detrimental provided development was sound 
—otherwise we might well be keeping to 
six-cylinder engines in aircraft and one- or 
two-cylinder engines in motor cars. 

He was at one with Mr. Sammons in 
trying to achieve a high state of economy in 
operational costs, and he was also against 
State subsidies where they could be avoided. 

On the question of safety, the author felt 
that there was no inherently safe type of 
aviation engine or aeroplane; assuming, 
even, that the combination of engine and 
airframe fully met design and operational 
requirements. The only way to obtain 
safety in the air was by meticulous attention 
to detail. Materials, design, development 
and manufacture must be most carefully 
done, and, then, only well-trained personnel 
in the air and on the ground, also controlled 
by fairly rigid rules, could ensure some 
reasonable degree of safety in air travel. 


In reply to Mr. Aherne Heron, the author 
felt that there was still further necessary 
development work to be done in the case 
of the piston engine, and the piston engine 
would still be used for some years to come. 
He felt also that the hollow steel propeller 
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blade would eventually be used for very 
high-speed aircraft since it was so necessary 
to have rigidity with the extremely thin 
blades, working at high Mach number. 

As stated in his replies to other contribu- 
tors to the discussion, the author felt that 
simplicity, although desirable, was not 
necessarily the criterion of a good engine. 
Aviation engines must be good performers, 
and if, to obtain the best results, a certain 
degree of complexity was necessary, then it 
must be seriously considered. 


In reply to Mr. Lowrey, he could not 
agree that time-tables or target dates were 
‘intolerable ’’ when a new design of engine 
was being developed. It was too often the 
case that people were imbued with the old 
Chinese idea of time. But there was nothing 
like a time-table or a series of target dates 
to keep people on their toes. Maybe, in the 
case of an entirely new type of engine, it 
was not possible to keep to the dates laid 
down, but nevertheless there should always 
be a time-table for industrial development. 

In regard to the compression ignition 
engine, the author referred Mr. Lowrey to 
his (the author’s) reply to Dr. Ricardo; and 
reiterated his point of view that there was 
no place for the C.I. engine in aviation 
except, possibly, in combination with a gas 
turbine. 


The author referred Group-Capt. Scroggs 
to his reply to Group-Capt. Bulman on the 
question of power units and power plants. 
But the author was in full agreement with 
Group-Capt. Scroggs that the engine installa- 
tion was a source of considerable trouble, 
and the situation was still not at all happy. 
More attention was now being focused on 
the engine installation and he hoped that 
something would soon come of it. 

Group-Capt. Scroggs, like Group-Capt. 
Bulman, appeared to miss the point of the 
paper, which was concerned with the type 
of power unit to come, and not how it was 
to be engineered as an installation. 

He agreed that neither ‘‘ power per square 
inch of piston area’’ nor “‘ Ibs. per b.h.p. 
hour ’’ were of particular interest to the 
aircraft operator, when put in that form. 
But the shape and bulk of the eventual 
engine was of considerable importance to 
the aircraft designer and indirectly to the 
operator. 

Group-Capt. Scroggs was an experienced 
pilot and the author respected his views on 
the subject of air- and liquid-cooled engines. 
The author preferred the liquid-cooled engine 
for all-round performance, but, for special 
purposes, such as ground-strafing, it appeared 
that the air-cooled engine had considerable 
advantages and was less vulnerable to ‘‘flak’’ 
and bullets than the liquid-cooled job. 
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and FACTORS FOR SAFETY 


by 
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Squadron-Leader J. G. M. Pardoe, an Associate Fellow of the Society since 1942, 
has been serving as an Inspector of Accidents at the Air Ministry. Before 
the war he was employed by Vickers’ Supermarine and the Heston Aircraft Co. 


on the strength of prototype aircraft. 


Introduction 


1. The well-known maxim ‘“‘ know your 
enemy ”’ is as sound in aircraft design as it 
is in Application of this doctrine 
might perhaps modify the conclusions in Mr. 
Tye’s interesting paper, “‘ Factors of Safety 
—or of Habit?’’ published in the November 
issue of the Journal. He discussed design 
factors and strength requirements from the 
aspects of V-g records and of structural 
variation. The V-g records with very few 
exceptions have been obtained from aircraft 
which have not broken up. “‘ The enemy,’’ 
however, is structural failure and much can 
be learned by study of the reasons for and 
nature of the failures that have occurred. 
The conclusions that may be drawn are 
perhaps less pessimistic than those of Mr. 
Tye. Under the present requirements his 
statement that “‘ It is impracticable to build 
aeroplanes so strong that they cannot be 
broken,’’ is not in dispute. I think, however, 
that accident analysis may show that it 
should be possible to design aircraft that will 
never achieve loadings of sufficient magni- 
tude to break a structure of economical 
strength and that to design for an expected 
failure rate is not only unduly pessimistic, 
but also impossible. 

2. It is obviously not permissible at the 
moment to publish detailed information and 
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statistics concerning the failures that have 
occurred, but I think that what may be said 
in general terms is relevant and may be of 
interest. 


Structural Failures 
3. I think it can fairly be stated that:— 


(v) In the great majority of cases in which 
the main structure has failed it has not 
done so until outside the design n-V 
envelope. Although there is a small 

proportion of cases when failure has been 

due to faulty manufacture or design it 
has been due mostly to bolts dropping 
out or fatigue at a comparatively low 
factor and has been independent of 
ultimate factor or speed, so need not be 
considered in an argument on factors. 


(b) Failures of the secondary structure, such 
as skin wrinkling and cracking, stressed 
detachable panels working loose, rivets 
and bolts ‘‘ working’’ are far more 
numerous and are caused both by 
exceeding the design conditions and 
many, especially of the heavy aircraft 
with lower factors, by often repeated 
loads of below the design proof and 
probably of less than half the ultimate. 


4. The failures due to exceeding the n-V 
limitations fall almost completely into two 
classes. 
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1. Those in which the first failure is that 
of the wings upward due to excessive ‘‘g.’’ 
2. Those in which speed causes failure 
or distortion of any part of the aircraft, 
which leads to a change of loading or 
attitude at which comprehensive failure 
occurs. 
There is a great difference between the 
manceuvrable classes of aircraft types with 
low stick forces per “‘g’’ and the ‘‘ heavies ’ 
with heavier controls. In the former there 
is evidence to suggest that all values of ‘‘g,”’ 
and often of V, from those of normal usage to 
those just on the point of failure, are attained 
and that recovery is effected. In our 
‘heavies,’’ however, this is seldom the case. 
There is the same evidence that the increasing 
values of ‘‘g’’ and V decrease in frequency, 
but then there is evidence of a gap from the 
highest recorded values in normal use to a 
much higher value at which failure occurs. 
There is also evidence that frequency of 
failure may be considerably greater than that 
at whieh the higher values are attained in 
normal Two types of accident are 
quoted below to illustrate this phenomenon 
with respect to the two classes of failure 
mentioned. 
aircraft have seldom, if ever, been found 
prone to both types of failure and there is 
no reason to believe that curing one type 
need necessarily lead to the other. 


use. 


It is encouraging to note that 


1. Aircraft of some types may never 
exceed a normal factor of 2/3 the ultimate 
unless they are going to exceed the 
ultimate and break-up. This might be 
caused by structural deformation increasing 
the applied loading, but is in fact likely to 
be due to the flying characteristics of the 
aircraft. The pilot has not sufficient 
strength to impose excessive “‘g’’ with the 
aircraft in a normal attitude, but in certain 
conditions the aircraft will increase ‘‘g’’ 
on its own and recovery may become 
beyond the pilot’s capability, while ‘‘g’’ 
goes on increasing until failure occurs. 


2. If aircraft of a type are unstable in 
the dive or near the design V max. 
deformation (not necessarily of the main 
structure) occurs and alters the stability, 
the speed tends to rise still more and 
recovery becomes increasingly difficult or 
impossible, while the speed goes on increas- 
ing until failure occurs or the ground 
intervenes, 

5. In the “ heavies ’’ class it seems pro- 
bable that V-G records can show the limits 
and frequencies of imposed 
directly by pilots’ efforts or gusts, but that 
they cannot indicate the frequency of the 
catastrophic conditions which cause the 
majority of complete failures. It is true that 
these conditions practically only arise after 
loss of control by the pilot, but in some 
circumstances temporary loss of control must 


conditions 


be faced as being sometimes unavoidable, 
e.g., circumstances such unforecast 
weather and icing, stalling in a violent turn 
to avoid collision, outer engine failure and/or 
runaway propeller, failure of B.F. instru- 
ments, ete. However, that temporary loss 
of control should not necessarily lead to 
structural failure is shown by the wide vari- 
ation of the accident rates for different types 
of aircraft of the same strength and class 
used in the same circumstances. The struc- 
tural failure rate seems to be dependent on 
the aerodynamic characteristics of the aircraft 
and if the rate is high it is almost certain to 
be because of some unfortunate characteristic, 
e.g., a tendency to tighten in a spiral, change 
of stability at high speed, control system 
distortion or overbalance or possibly high 
mach number effects. It is probable 
that this is also true of a perhaps high 
proportion of the failures of the manceuvr- 
able types of aircraft, the failures of which 
have been more often attributed directly to 
the pilot’s handling. This could account for 
the often great variation in rates and type of 
failure between not only aircraft in the same 
class, but also between different marks of 
the same aircraft type. 
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Factors for Safety 

6. From the foregoing it would appear that 
the strength required can be considered for 
two main cases:— 


(a) The ultimate strength needed to avoid 
failure of the structure due to mishand- 
ling by the pilot or due to any dangerous 
tendencies the aircraft may have to 
produce high ‘‘g’”’ or V. 

(b) The proof strength necessary to cover 
the “‘g’”’ and V of normal use. 


These strengths may be laid down by means 
of n-V envelopes. That for the proof con- 
dition could be obtained from operational 
requirements and past experience, of which 
V-“‘g’’ records, with due allowance for stick 
force, etc., are a most valuable part. For 
the diagram for the ultimate strength I am 
most strongly in agreement with Mr. Tye’s 
suggestion that it is up to the designer to 
produce the evidence on which it is based. 
That ‘‘ My aeroplane must be expected to 
break-up every so often ’’ should not, how- 
ever, be the evidence as much as ‘‘ My aero- 
plane cannot be subject to more than x ‘g’ 
and y V; therefore such and such a strength 
will be required.’’ That these requirements 
are in the right direction is, I think, shown 
by the evidence from accident investigation, 
i.e., that structural failure is at least as 
dependent on the flying characteristics of an 
aircraft as on its strength. — 


7. The requirements suggested above raise 
many controversial possibilities and I fear 
barely touch the fringe of the problem of 


factors. For instance, they would make ‘‘g 
restrictors and possibly other forms of 


gadgetry a good proposition from the weight 


point of view. It does, however, seem more 
logical to aim at designing aircraft not to 
incur excessive loading than to carry the 
weight of the strength necessary to prevent 
failure when the aircraft are uselessly exceed- 
ing their operational requirements, 


8. The evidence for deciding the n-V 
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envelope for small aircraft might have to be 
that of habit, but in the heavy classes, if 
aviation is to become a commercial pro- 
position, efficiency and safety will be worth 
considerable effort. With the aid of reduced 
scale test aircraft (with increased strength 
and escape exits) a series of handling and 
mishandling tests might provide an assess- 
ment of the V and “‘g’’ to be catered for on 
the full-scale machine. Such research would 
be expensive, but—under the control of the 
licensing authority and with the results made 
available to the whole industry—it should be 
of national benefit and the cost might be 
defrayed by the exchequer. 


9. It is necessary in most designs to know 
at an early stage the strength for which to 
cater; also most designers are optimists. In 
these circumstances it is likely that a low 
ultimate strength would be chosen in the first 
place and the research would be used to 
justify the choice. This might lead to some 
costly failures, but it is better, when possible, 
to reject an aircraft until it is safe than to 
modify it after it has had a tragic history. 


10. The requirements suggested in para. 6 
give no fixed ratio between proof and ultimate 
strengths. For any actual design a definite 
ratio is probably desirable, but, as the proof 
and ultimate are required to meet different 
conditions, the ratio could perhaps most 
efficiently be decided after consideration of 
the shapes of the design envelopes and the 
properties of the materials to be used in the 
structure. Mr. Tye makes the point that if 
aircraft are to be designed to “‘ use ’’ all the 
proof strength the factor of safety on the 
present military ratio of proof to. ultimate 
would become 1.33 not 2.0 as in the past. 
In respect of this it is interesting to note the 
pilots’ attitude of mind. I think very few 
pilots have any idea that their machines were 
designed for certain “‘g’’ and V and then to 
have a factor of safety of 2.0. Few pilots 
indeed have any accurate quantitative idea of 
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aircraft on the manoeuvres that they have 
been taught they may carry out or that they 
have found by experience do not produce 
permanent distortion of the aircraft. 


Conclusions 


11. (a) The structural failure rates for 
most types of aircraft, at the strength factors 
now in use, depend more on the flying 
characteristics of the aircraft than they 
would on even quite large variation of the 
structural strength. 


(b) Before it may be possible to prophesy 
structural failure rates considerable improve- 
ment will have to be effected in the character- 


istics likely to cause loss of control and in the 
behaviour of aircraft after control has been 
lost. 

(This conclusion may not apply to large 
commercial aircraft. Pilots of proved ability, 
duplication of instruments and strict ground 
control may assure that control is never lost.) 

(c) To avoid both failure and inefficiency 
it seems desirable to consider an aircraft’s 
probable individual characteristics when 
deciding on the strength required. 


I am indebted to the Chief Inspector of 
Accidents for permission to submit this note. 
The opinions expressed, however, are my 
own and must not be taken as official. 
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ment he became Chief Engineer of Armstrong Siddeley Motors and Sir 

W. G. Armstrong Whitworth Aircraft, where he was responsible for the 

famous Argosy class air liner and the Atlanta. Major Green is again 
back at Farnborough as a consultant. 


Summary 

HE value of 1 lb. of weight saved in an 

air liner has been given as equal to 1 Ib. 
of gold in an American paper. This figure 
has been calculated in a more complete way, 
and on the assumptions made is reduced to 
£16 10s. or near enough to one guinea per 
oz. saved. 

(1) It is almost always possible to reduce 
the weight of any component of an aircraft 
or engine by refining the design. This can 
be done in many ways, but chiefly by 
improved material, by reducing dimensional 
tolerances, by more accurate stressing and by 
development by mechanical testing. These 
processes increase the cost and time of manu- 
facture, and as the value of an air liner starts 
only when it is put into service, and its useful 
life is settled by obsolescence rather than by 
wearing out, there is always a practical limit 
to the time that can be spent on design, 
development and manufacture. During war- 
time the resources of the country are pushed 
to their limit and it is often impossible to get 
a big enough production of the best materials, 
or to work to fine tolerances; hence we accept 
an aircraft a good deal short of the ideal. 
The life of the aircraft is comparatively short 
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and is governed largely by factors outside 
our control, so that an assessment of the value 
of weight saving is nearly impossible. 

It is quite otherwise with civil air liners, 
Reliable statistics of the life, earning power 
and cost of operation are available for the 
D.C.3 used on internal air lines in the U.S.A. 


. These are given in Warner’s Wilbur Wright 


Lecture of 1943. It is possible to estimate the 
value of weight saving and to get a figure for 
the cash value of each lb. saved, which will 
be at least of the right order. In an 
American journal, the author suggests that 
each lb. saved is worth its weight in gold, 
which is at present values about £150. This 
is an astonishing figure, and if it were true 
there is practically no expense in saving 
weight that cannot be justified. 

The assumptions by which this value was 
obtained were that an air liner during its 
useful life would travel 4,000,000 miles, 
carrying an average of 60 per cent. of its full 
load at five cents. per mile per passenger of 
200 lb. weight. The total revenue will then 
be $600 per Ib. which is $37.5 per oz., near 
enough to the present price of gold. This 
calculation is too simple because many 
relevant factors are ignored which reduce the 
figure to a more reasonable value. The 


figure has been recalculated in an endeavour 
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VALUE OF WEIGHT 


to get nearer the real value by the following 
method. 


2. (i) Only a part of the total expense of 
operating is chargeable to the aircraft itself, 
i.e., Is dependent on the air miles flown and 
percentage payload. Warner suggests 40 per 
cent. for this, the remainder being overhead 
charges depending chiefly on the number of 
passengers carried. 

(ii) The allowance of 200 Ib. per passenger 
is misleading. If extra passengers are 
carried, allowance must be made for extra 
passenger fittings, say 801b., and for the 
extra weight of the larger fuselage to carry 
them, and this is estimated also at 80 lb. per 
passenger. Some allowance must also be 


‘ made for the extra drag of the larger fuselage, 


and for the extra fuel and larger engines to 
overcome this. Actually this allowance is 
small and is easily covered by adding 20 lb. 
to the weight of the passenger for aircraft 
flying on routes up to 1,000 miles. 200 Ib. 
a passenger is rather low if baggage is 
included. If we make this 220 Ib. the equi- 
valent weight per passenger with the above 
additions becomes 400 Ib. or double the 
American figure. 


(iii) If the components are 
lightened, they will generally cost more to 
make, so that the cost of spares will be 
increased, depending largely on the degree 
to which lightness can be carried. It is very 
difficult to assess this extra cost and the 
estimate used, which is largely a guess, is £6 
per Ib. of weight saved, which is possibly 
on the high side. 


various 


(iv) The lighter aircraft will cost more and 
this extra cost will only be repaid during the 
lifetime of the air liner which is taken to be 
five years. Hence we must deduct interest 
on the extra first cost for 2} years which at 
5 per cent. means a reduction of 12} per cent. 
on the estimated saving. 

3. The actual figures with the corrections 
above, based on a lower mileage than in the 
American estimate, are as follows: 


SAVING 


IN AIR LINERS 


Revenue per passenger mile assumed—3d. 
which is the probable operating cost 
+10 per cent. 

Average number of passengers carried— 
2/3 full load. 

Flying hours per year—3,000. 

Cruising speed—200 m.p.h. 

Life of aircraft—5 years. 

Total miles flown—3,000,000. 

Total revenue per 
6,000,000d. 
Equivalent weight of passenger (see para. 

2 (ii) )—400 lb. 

Revenue per Ib. of equivalent passenger— 

15,000d. 


passenger seat— 


Of the above, only 40 per cent. is charge- 
able to aircraft running expenses, so the 
value per lb. saved must be reduced to 
6,000d. which is £25. From this we must 
subtract the increased cost of spares which 
is £6, so that the saving is again reduced to 
£19. Once again we must subtract 12} per 
cent. of this for interest on the money due to 
the extra cost of the aeroplane; this reduces 
the figure to £16 10s., or say one guinea for 
every oz. saved. This is not an exact figure, 
it depends on the assumptions of mileage 
during the life of the air liner, the fares 
charged and the average percentage of full 
load. It is little more than 1/10 of the 
American estimate, but it is still surprisingly 
large. If we accept it as being of the right 
order, it means that when the country is not 
working at its maximum capacity, it will pay 
to decrease aircraft weights by the intensive 
study of everything that goes to make up a 
passenger air liner even at the expense of 
considerable increase of cost. This applies 
much more to parts usually described as 
non-stressed than to highly stressed com- 
ponents, Such things as wing spars are 
probably not far off their minimum weight, 
because the distribution of stress in them has 
been thoroughly studied. But spars only 
amount to about 5 per cent. of the empty 
weight of the air liner, so it seems that a 
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study of the design of other things will be 
much more profitable than attempting to 
fine down the main structure. The aircraft 
designer’s difficulty is that much of the 
equipment is not under his control and he 
has to put up with gear which is not designed 
down to anything like minimm weight. If 
a bonus were paid to the manufacturer of 
such things as radio, electrics, landing gears, 
etc., on the basis of even as little as £5 per 
Ib. of weight saved there would almost 
certainly be a rapid reduction in the weight 
of equipment and the air line operator would 
be very much in pocket. As an example, 
if a component costs at present £2 a lb. 
weight, a 10 per cent. weight saving would 
increase price by 25 per cent. for the supplier, 
while the operator would benefit it in the long 
run by twice as much. 

-4. At the end of the war there will be large 
stocks of equipment for disposal at very low 
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prices. If these have to be absorbed before 
there is a demand for new material, it will 
be unfortunate for aircraft makers, who will 
be short of work. If any component can be 
lightened by 20 per cent., then assuming the 
value of one guinea per oz. saved to be 
correct, it will just pay the operator to scrap 
an existing component, if the new one costs 
£3 per lb. or less. This applies correctly 
only to aircraft being designed, as it is 
assumed that the cabin is enlarged to house 
the extra passengers or freight that can be 
carried. The precise value for an existing 
air liner will depend on whether there is room 
enough to carry the extra passengers or 
freight made possible by the use of lighter 
components, and also on the length of the 
unexpired life of the aircraft, if it is already 
in service. 


(Correspondence on this paper is invited.) 
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T. M. Birkett & Sons LTD. 


BIRMINGHAM ALUMINIUM CASTING 
(1903) Co. Lrp. 

BLACKBURN AIRCRAFT LTD. 

James Bootu & Company 


BouLton ArrcraFT Ltp. 

THE BristoL AEROPLANE ComM- 
PANY Ltp. 

BRITISH ALUMINIUM Co. LTD., 
THE 

THE BrRITISH AVIATION 
ANCE COMPANY LTD. 

BRITISH ERMETO CORPORATION 
Lrp. 

THE BRITISH PARACHUTE Com- 
PANY LTb. : 

BritTIsH Ropes LIMITED 

BRITISH THOMSON-HowusTON Co. 
Lrp. (THE) 

BritisH WirE Propucts Ltp. 

J. BrockHouseE & Co. Lrp. 


INsuR- 


THE BROOKE Toot MANUFACc- 
TURING Co. Lrtp. 


Broom & WabeE Ltp. 


BROWN BROTHERS (AIRCRAFT) 


AERONAUTICAL 


Paddock Works, Oldbury, Birmingham 
Dunstable, Beds. 


Thimble Mill Lane, Birmingham, 7 


Bowling Green Lane, London, E.C.1 
Wood Lane, Erdington, Birmingham 


The Airport, Portsmouth 

Holyhead Road, Coventry 

Angus House, 152-158 Westgate Road, 
Newcastle-upon-Tyne, 1 

Parkside, Coventry 

Whitley, Coventry 


Winder House, Douglas Street, London, 
S:W.1 


Tachbrook Road, Leamington Spa 


Taunton, Somerset 


18 Grosvenor Gardens, London, S.W.1 
36 St. James’s Street, London, S.W.1 


Factories: Uxbridge, Middlesex 
Thomas Street, Hanley, Stoke-on-Trent 


Smethwick, Birmingham, 40 


Brough, E. Yorks. 

Argyle Street Works, Nechells, Birming- 
ham, 7 

Wolverhampton, Staffs. 

Filton House, Bristol 


Salisbury House, London Wall, London, 
3-4 Lime Street, London, E.C.3 


Beacon Works, Hargrave Road, Maiden- 
head, Berks. 
Trinity Street, Cardiff 


52 High Holborn, London, W.C.1 
Lower Ford Street, Coventry 


Worcester Road, Stourport-on-Severn 

Victoria Works, Hill Top, West Brom- 
wich 

Warwick Road, Greet, Birmingham, 11 

High Wycombe, Bucks. 


Great Eastern Street, London, E.C.2 
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SOCIETET 


DIRECTORY OF ADVERTISERS 


Broadwell 1500 
Dunstable 360 


Birmingham East 
1671 (all lines) 
Terminus 3636 
Erdington 
2207-8-9 
Portsmouth 7463} 
(8 lines) 
Coventry 5501 
Newcastle-upon- 
Tyne 22656 

(4 lines) 
Coventry 4061 


Coventry 61061-4 


Victoria 3404-8 
(5 lines) 


Leamington Spa 
1700 
Taunton 3634 


Sloane 9911 
Regent 1532 

(5 lines) 
Uxbridge 1111 
Stoke-on-Trent 
2184 
Smethwick 1431 
(12 lines) 
Brough 121 
Birmingham East 
1221 
Fordhouses 3191 


Clerkenwell 3494 


Mansion House 
0444 (6 lines) 
Maidenhead 2271 


Cardiff 8735-6-7 


Chancery 8822 
Coventry 4104 


Stourport 240 
Wednesbury 0243 


Birmingham 
Victoria 2323 
(10 lines) 

High Wycombe 
1630 (8 lines) 
Bishopsgate 7654 
(33 lines) 
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DIRECTORY 


Davip Brown & SONS 
DERSFIELD) Lrp. 
THE BUSHING COMPANY LIMITED 


(Hup- 


BUTLERS LIMiTED 


CALLENDER’S CABLE & CONSTRUC- 
Co. 

THE CHLORIDE ELECTRICAL STOR- 
AGE Co. LtpD. 

THE CLYDE ALLOY STEEL Com- 
PANY LTD. 

CoopER & Co. (B’HAM) Lip. 

CROWN WELDING Co. Lip. 


THE DE HavILLAND AIRCRAFT 
Co. LIMITED 
De LA RuE INSULATION LTD. 


De La Rue Prastics Lrtp. 
DeLtco-RemMy & Hyatt Lip. 


Dowty EourIPpMENT LIMITED 
DUNFORD & ELLIoTr (SHEFFIELD) 


DuNLoP RUBBER Co. Lrp. 


ENGLISH STEEL CORPORATION 


THE FarrEY AVIATION COMPANY 
Lrp. 

Feropo LIMITED 

THos. FIRTH 

Lrp. 


& JOHN Brown 


FIRTH-VICKERS STAINLESS STEELS 
Lrp. 

FuiGHt PUBLISHING Co. Lrp. 

FLIGHT REFUELLING LIMITED 

FoLttaND AIRCRAFT Lip. 

GENERAL AIRCRAFT Lrp. 

GILLETT STEPHEN & Co. LTD. 


GIRLING LIMITED 
GLosTER AIRCRAFT Co. Ltp. 


GRAVINER MANUFACTURING CoM- 
PANY LTD. 


OF 


Huddersfield 


Head Office: Hebburn-on-Tyne 

London Office: Imperial House, Kings- 
way, W.C.2 

Atlantic Works, Grange 
Heath, Birmingham, 10 


Road, Small 


Hamilton House, Victoria Embankment, 
London, E.C.4 

Exide Works, Clifton Junction, 
near Manchester 

Craigneuk Works, Motherwell, Lanark- 
shire 

53 Little King Street, Birmingham, 19 

Castle Hill, Douglas, Isle of Man 


Hatfield Aerodrome, Herts. 

Imperial House, 84 Regent Street, Lon- 
don, W.1 

Imperial House, 84 Regent Street, Lon- 
don, W.1 

111 Grosvenor Road, S.W.1 


Arle Court, Cheltenham, Glos. 
Attercliffe Wharf Works, Sheffield, 9 


Fort 
24. 


Dunlop, Erdington, Birmingham, 


Vickers Works, Sheffield 


Hayes, Middlesex. 
Chapel-en-le-Frith, Stockport. 


Atlas & Norfolk Works, Sheffield, 1. 


Staybrite Works, Sheffield 


Dorset House, Stamford Street, London, 
SB 

Pickersleigh Road, Malvern Link, Worcs. 

Hamble, Southampton, Hants. 


The London Air Park, Feltham. Middlesex 


Atlas Works, Great Bookham, Leather- 
head, Surrey 

Garrison Lane, Birmingham, 9 

Gloster Works and Aerodrome, Huccle- 
cote, Glos. 

16 Bassett Gardens, Osterley, Isleworth, 
Middlesex 

Graviner Works, Gosport Road, 
Fareham, Hants. 


near 
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ADVERTISER 


Ss 


Huddersfield 
3500 (7 lines) 
Hebburn 32241 
Temple Bar 9584 


Victoria 2164-56 


Central 5241 
Swinton 2011 


Motherwell 1051 
(6 lines) 
Northern 2194-5 
Douglas 199 


Hatfield 2345 
Regent 290! 
Regent 2901 


Victoria 6242 

(7 lines) 
Cheltenham 53471 
Sheffield 
41121-2-3-4 
Erdington 2121 


Sheffield 41071 
(13 lines) 


HAYes 1800 


Chapel-en-le-Frith 
250 

She ffield 

20081 (10 lines) 
26491 (6 lines) 
Sheffield 41193 


Waterloo 3333 


Malvern 1481 
Hamble 3191 


Feltham 3636 
(12 lines) 
Bookham 
(4 lines) 
Victoria 2951 
Gloucester 6294 
(18 lines) 
Hounslow 1218 


2727 


Gosport 89175-6-7 
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HANDLEY PaGE 
HAWKER AIRCRAFT LTD. 


HEALTHGUARD AEROQUIPMENT 


HELLIWELLS 


Tue Heston ArrcraFt Co. Lrp. 
HEyYWwoop ComPRESSOR Co. Lrp. 


HIDUMINIUM APPLICATIONS LTD. 


HicH Duty ALLoys Lrp. 
(AIRCRAFT 


H. M. Hopson 


Moror) COMPONENTS Lip. 


S. Hupparp LIMITED 
F. A. HuGcues & Co. Ltp. 


Henry HuGuHes & Son Lrp. 


THe HuGues-JOHNSON 


STAMPINGS LTD. 


HuntInG AVIATION LIMITED 


& 


IMPERIAL CHEMICAL INDUSTRIES 


Lrp. 
INTEGRAL LtD. 


INTERNATIONAL ALLOYS LIMITED 


IrRvING AIR CHUTE 


BRITAIN 


JasLo PROPELLERS LIMITED 


> GREAT 


WaLterR W. Jenkins & Co. LTD. 


Kk.D.G. INSTRUMENTS 


KELVIN, 
Lrp. 


BoTrroMLEY 


K.L.G. SPARKING PLuGs LTD. 


IXKopaAK LIMITED 


LANGLEY ALLoys Lrp. 
ARTHUR LEE & SoNS 


BaiRD 


LEYTONSTONE JIG & TooL Co. 


Lrp. 


LiGHt-Metrat ForGiInGs 


LopGE PiuGs LIMITED 


THe Loxnpon NAME PLATE MAnvu- 


FACTURING Co. 


DIRECTORY OF 


Cricklewood, London, N.W.2 
Canbury Park Road, Kingston-on-Thames 


Woodbridge Road, Leicester. 
Old Town, Stratford-on-Avon 


Heston Airport, Middlesex 

Glover Street, Redditch, Worcs. 

95 Farnham Road, Slough, Bucks. 

89 Buckingham Avenue, Slough, Bucks. 
Hobson Works, Holbrook Lane, Coventry 


Regent Mill, Luton, Beds. 

Metals Dept., Abbey House, Baker Street. 
London, N.W.1 

Husun Works, New North Road, Bar- 
kingside, Essex 

Langley Green, Birmingham 


P.O. Box 4, Caernarvon, N. Wales 


London, S.W.1 
Power Road, Chiswick, London, W.5 


Buckingham Avenue, Trading Estate, 
Slough, Bucks. 


Icknield Way, Letchworth, Herts. 


Mill Lane, Waddon, Croydon, Surrey 


31 St. Paul’s Street North, Cheltenham 


Purley Way, Croydon, Surrey 
IS Kelvin Avenue, Hillington, Glasgow 
Putney Vale, London, S.W.15 


IXodak House, Kingsway, London, W.C.2 


Langley, Slough, Bucks. 

Crown Steel and Wire Mills, Bessemer 
Road, Sheffield, 9 

Mowbray House, Norfolk Street, London, 
W.C.2 

155 Church Lane, 
Birmingham, 20 

606 High Road, Leyton, London E.10 


Handsworth Road, 
Oldbury, Birmingham 

Rugby 

Zvlo Works, Marine View, Brighton, 7 
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ADVERTISERS 


Gladstone 8000 
Kingston 1044 
Slough 23861 
Leicester 61228 
Stratford-on-Avon 
3265 

Southall 2321 
Redditch 748 
Slough 20409 
Slough 21201 
Coventry 88671 
(3 lines) 

Luton 2076 
Welbeck 2332-6 


Hainault 2601 


Broadwell 1861 
(3 lines) 
Caernarvon 580 
(4 lines) 


Victoria 4444 


Chiswick 1539 
Chiswick 3323 
Slough 23212 


Letchworth 888 


Croydon 2201 
(4 lines) 
Cheltenham 53254 


Thornton Heath 
3868 
Halfway 1661 


Putney 2671 
(4 lines) 
Holborn 7841 


Langley 262-3 
Attercliffe 
41144-5-6-7-8 
Temple Bar 
7187-8 
Northern 2116-7 


Levtonstone 
5022-3 
Broadwell 1152 
Rugbv 2076 

(2 lines) 
Brighton 7025 
(5 tines) 
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DIRECTORY 


MacROME Lrp. 
MAGNESIUM CASTINGS 

AND Propucts Lrp. 
MarstON EXCELSIOR LIMITED 


VMESSIER) AIRCRAFT 
LIMITED 
MEVALASTIK LIMITED 
Mires AIRCRAFT LIMITED 
Henry MILLER & COMPANY 


EOUIPMENT 


MoLLART ENGINEERING COMPANY 
LTD. 

THE NICKEL COMPANY 
Law. 

MONOCHROME LIMITED 

MoRRISONS ENGINEERING LTD. 


D. NAPIER & SON LIMITED 


NITRALLOY LIMITED 


THE PALMER TyRE Lip. 
PaRNALL AIRCRAFT LIMITED 


PERCIVAL AIRCRAFT LIMITED 

Pero & RADFORD 

PHILIDAS LIMITED 

Sir Isaac PITMAN & SONS 
LIMITED 

PRESSED STEEL Co. Lrp. 

LIMITED 


RANSOMES, SIMS 
Lap. 

REYNoLDS TuBE Co. Lrp. 

R.F.D. Company Lip. 

A.V. Roe & Company LIMITED 

Rotts-Royce Lrp. 

5. GRAHAME Ross Lyrp. 

Rotax Lrp. 

Roro. Lim1irep 

L. A. RumMBotp & Co. Lrp. 


& JEFFERIES 


SanGAMO Weston 

SaUNDERS-RoE Lrp. 

SERCK RADIATORS LIMITED 

SHORT BROTHERS (ROCHESTER & 
BEDFORD) Lrp. 


SIMMONDS AEROCESSORIES LTD. 


Simms Moror Units Lrp. 


OF 


Alcester, Warwickshire 

89 Buckingham Avenue, Trading Estate, 
Slough 

Wolverhampton 


49-59 Armley Road, Leeds, 12 
Liverpool Road, Warrington 


Evington Valley Road, Leicester 

Reading, Berkshire 

Skyhi Works, Standard Road, Park 
Royal, London, N.W.10 

Kingston By-Pass, Surbiton, Surrey 

Grosvenor House, Park Lane, London, 
W.1 

Studley Road, Redditch, Worcs. 

Purley Way, Croydon 


Acton, London, W.3 


47 Bank Street, Sheffield, 1 


Herga House, Vincent Square, London, 

8 South 
W.1 

Luton Airport, Luton, Beds. 

Chequers Lane, Dagenham, Essex 

The Aerodrome, Reading, Berkshire 

Parker Street, Kingsway, London, W.C.2 


Street, Park Lane, London, 


Cowley, Oxford 
Radio Works, Cambridge 


Orwell Works, Ipswich 


Hay Hall Works, Tyseley, Birmingham 

Stoke Road, Guildford, Surrey 

Newton Heath, Manchester 

Derby 

Bath Road, Slough, Bucks. 

Willesden Junction, London, N.W.10 

Cheltenham Road, Gloucester 

Kingsgate Place, Kilburn, 
N.W.6 


London, 


Great Cambridge Road, Enfield, Middle 
sex 

49 Parliament 
London, S.W.1 

Warwick Road, Birmingham, 11 

Rochester, Kent 


Street, Westminster, 


Great West Road, Brentford, London 


Oak Lane, East Finchley, London, N.2 


Xxix 


ADVERTISERS 


Alcester 191-2-3 
Slough 20207 


Wolverhampton 
21481 

Armley 38081-5 
Warrington 2244 


Leicester 25196 
Reading 60811 
Willesden 1302-3-4 


Elmbridge 
3352-3-4 (3 lines) 
Grosvenor 4131 


Studley 121-2 
Crovdon 0191 


Shepherds Bush 
1220 
Sheffield 25907 


Victoria 8323 
(6 lines) 


Grosvenor 2771-2 


Luton 2960 
Rainham 34 
Wargrave 218 
Holborn 9791 
(4 lines) 

Oxford 77701 
Cambridge 3434 


Ipswich 2201 


Acocks Green 1607 
Guildford 3232 
Failsworth 2020 
Derby 2424 
Burnham 686-8 
Willesden 2480 
Gloucester 4431 
Maida Vale 
7366-7-8 


Enfield 3434 and 
1242 
Whitehall 7271 


Victoria 0531 
Ealing 2212 


(18 lines) 
Finchley 2262 
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SMITHS AIRCRAFT INSTRUMENTS 
Lrp. 
THE SPERRY GYROSCOPE Co. LTD. 


M. E. Stace & Co. LTD. 


STANDARD TELEPHONES & CABLES 
Lrp. 


TAYLORCRAFT AEROPLANES 
(ENGLAND) Lip. 
THE TECHNOLOGICAL INSTITUTE 

OF GREAT BRITAIN 
TITANINE LIMITED 


TusBes LIMITED 
ERNEST TURNER GROUP 


ERNEST TURNER (LONDON) 
Lrp. 

ERNEST TURNER (WEAVING) 


ERNEST TURNER ELECTRICAL 
INSTRUMENTS LTD. 
Cuas. DouLp & Son 


TURNER MANUFACTURING Co. LTD. 


THE UNITED STEEL COMPANIES 


LIMITED 


VICKERS-ARMSTRONGS LIMITED 
(AIRCRAFT SECTION) 


VoKeEs 


WaDKIN LrtbD. 


WaRWICK AVIATION COMPANY 
Lrp. 

WESTLAND AIRCRAFT LIMITED 

CHas. WESTON & Co. LTD. 

A. C. WicKMAN LIMITED 

HENRY WIGGIN & Company 


WILKINSON RuUBBER- LINATEX 

WILLIAMSON MANUFACTURING Co. 
Lrp. 


WORCESTER WINDSHIELDS AND 
CASEMENTS LTD. 


YORKSHIRE ENGINEERING SUP- 
PLIES LtD. 

THE YORKSHIRE PATENT STEAM 
Wacon Co. 


DIRECTOR Y 


OF 


Cricklewood Works, London, N.W.3 
Great West Road, Brentford, Middlesex 
14 Portland Street, Cheltenham 


New Southgate, London, N.11 


Britannia Works, Thurmaston, Leicester 


39 Temple Bar House, Fleet Street, 
London, E.C.4 


Colindale, London, N.W.9 


Rocky Lane, Aston, Birmingham, 6 
Northdown House, Northdown Street, 
King’s Cross, London, N.1 


Wulfruna Works, Moorfield Road, Wol 
verhampton 


17 Westbourne Road, Sheffield, 10 


Vickers House, Broadway, Westminster, 
London, S.W.1 

Weybridge Works, Weybridge, Surrey 

Putney, S.W.15 


Green Lane Works, Leicester 


Warwick 


Yeovil 

Torrington Avenue, Coventry 

Tile Hill, Coventry 

Wiggin Street, Birmingham 

Frimley Road, Camberley, Surrey 

Litchfield Gardens, Willesden Green, 
London, N.W.10 

Barbourne, Worcester 


Bronze Foundries, Upper Wortley Road, 
Leeds, 12 


Hunslet, Leeds, 10 


ADVERTISERS 


Gladstone 3333 


Ealing 6771 
(10 lines) 
Cheltenham 
52021-2 
Enterprise 1234 


Syston 86106-8 


Central 5940 


Colindale 8123 
(6 lines) 

Aston Cross 3030 
Terminus 6674-5-6 


Wolverhampton 
24456 (5 lines) 


Sheffield 60081 
(7 lines) 


Abbey 7777 


Byfleet 240-243 


Leicester 

27114 (4 lines) 
28021 (3 lines) 
Warwick 693 


Yeovil 1100 
Tilehill 66291-2 
Tile Hill 66271 
Edgbaston 2245 
Camberley 1595 


Willesden 
0073-0075 
Worcesley 3326 
(3. lines) 


Leeds 38234 and 
38291 

Leeds 76551 

(2 lines) 
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affiliated with 
DE HAVILLAND 


Associated companies — in 


HE world is my practice. This may well be 
the claim of the eminent surgeon or the distinguished 
lawyer in the post-war days when the great aeron- 
autical advances of the past five years can be fully 
applied to civil aircraft. Then intercontinental jour- 
nevs will involve no longer absence from chambers 
than pre-war visits to provincial cities. It is to 
confer such benefits on the community that the 
Airspeed organ'sation will direct its experience and 
enthusiasm for civil aviation. 


Australia, Canada. India. Africa and New 
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BACKGROUND TO ACHIEVEMENT 


Searcely a British ‘plane takes to the air without the assistance of BTH From 
the pulsating magneto with its vital spark to the tiny Mazda lamp on the control 
board, BTH has contributed a generous quota to flying efficiency. Included in 


this electrical equipment are starters, generators, air-compressors, engine-speed 
indicators, under-carriage and flap-operating equipment, petrol pump motors, etc. 


BTH research has contributed much to the efficiency of the air-arm in combat 
and defence and especially in the development of Air Commodore Whittle’s jet 
engine, work on which was commenced in the BTH Rugby factory as early as 1936. 
The first successful flight of an aeroplane fitted with this engine was in May, 1941. 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 


L.A. 104 
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lt feels like RUBBER 


It acts like RUBBER. 


BUT, IT’S REALLY FELT—Hubbard’s MECHOFELT. 
This mechanical felt is beating the rubber shortage 
in a hundred and one different and unexpected ways. 
The Aircraft, Engineering and Marine industries use 
MECHOFELT extensively. Here are some of the 
products which are now entirely or almost entirely 
made of MECHOFELT—Aircraft Insulating ; Bomb- 
sight padding ; Plane sealing and weather stripping ; 
Cleats ; Grommets ; Window channels ; Gaskets, etc. 
And every week a new job is being discovered for 
MECHOFELT. 
Isn’t it possible that MECHOFELT can help you too? We'll 
send you further details of how Mechofelt replaces rubber if you 
care to write to the Mechofelt Development Section, Regent 
Mill, Luton, or phone Luton 2076. 

S HUBBARD LTD LUTON AYLESBURY - LONDON 

GLASGOW MANCHESTER BRISTOL NEWCASTLE 


PIONEERS IN THE MANUFACTURE OF RUBBER REPLACEMENTS 
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The Parthenon, 
Athens. 


TRADE MARK 


NON-FERROUS 
CASTINGS and 
MACHINED PARTS 
for Civil and Fighter Aircraft 


‘Birso’ Chill Cast Rods and Tubes, 
Ingot Metals, etc. 


FULLY APPROVED BY ADMIRALTY AND A.I.D. ) 
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The Handley Page HALIFAX Mk. 
IIT night bomber in service with the 
R.A. is) equipped with Bristol 
Hercules Engines and fitted through- 
out with the Saunders Flying Control. 


The SAUNDERS FLYING CONTROL 
provides separate or simultaneous con- 
trol of two elements from one member. 
It simplifies installation and mainten- 
ance and improves flying performance. 
Obviates any possibility of crossed 
controls. Brochure on request. 
(PATENT NO. 502093) 


q BrownBrothers (AIRCRAET Ltd. 


GREAT EASTERN ST., LONDON, E.C. 


Printed oe “the Lewes Press (Wightman & Co. Ltd.), 1 Friars Walk, Lewes, England, and Published by the Royal 
Aeronautical Society, 4, Hlamiltun Place, Tondon, W.1, England. 
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